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The Almucantar. 


University of Durham 
Philosophical Society. 

Tnn UiovERSiTY Observatory. 

By Prufo8Aor K A- SAMrm)N, M.A. 

[Read November l>t| 1900 ] 

The rTnirersity Obsefvatory was built in the year 1S40, 
three years aftoi the inoorpoiation of the University by 
Eoyal Charter, and its foundation at this early date speaks 
well for the energy with whieh the University began its 
work. The credit is to be given, I do not doubt, to the zeal 
of the Rev. Temple Chevallier, the first professor of 
mathematics. lie was nominated first observer, and first in 
that capacity and afterwards in his modified office of pro- 
fessor of mathematics and astronomy, nominated the other 
observers and generally oversaw and directed the work that 
was done and the upkeep of the buildings. 

From friends and public bodies the sum of about £1,440 
was collected ; the building was put up after the design of 
Mr. Salvin, and consists of a flat on the ground floor for the 
Observer’s living, with rooms above for the instruments ; all 
was done in a substantial, even a massive way, and neither 
pains nor cost seem to have been spared to make everything 
good of its kind. The three necessary instruments, sidereal 
clock, transit instrument, and equatorial were purchased, 
each being by the best maker of the day, and of very fair 
power. 

After this hopeful start the Observatory settled down to 
regular and systematic work, on the character and purpose of 
which I shall have more to say hereafter, but which I may 
now say is common to nearly all public observatories. The 
library began to grow by gifts from friends and from British 
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aud Foreign Observatories and from learned hop ic ties. Pro- 
feshoi Cbevallier loft the chief part of the actual observing to 
an assistant, J. S. Browne, who was succeeded by Mr. Arthur 
Rtmiilands, and he by Rev. Robert Anchor Thompson, and 
he in 184!) by Richard Carrington, who resigned his post in 
1852 after three years’ active work. 

raiimgton's lenuie of the post of Observer is the chief 
event in its annals. The Observatory had now been founded 
foj some eight years, and the faults which am inseparable 
fioin a beg] nil mg hinl been discovered and to some extent hud 
been corrected What was ivquiiod to ensure its otfoctive- 
nosH aud utility was the prescuiee of a man of ability as 
ohseivei , who should choose carefully the pmhlems to attack, 
who should live upon the Hi)ot, and whose first care and 
interest should be the efficiency of his instruments. Such a 
man was rarrington . his observations moreover, in par- 
ticular his deteiminotion of the difference of longitude, 
Gieenwieh —Durham, bear every mark of caie and capacity. 
He as a man of easy pi i rate means, and it was his intention 
to devote his life It) astronomy. If he had been retained we 
should have had, I do not doubt, an observatory at Durham 
that would have ranked with tlie well known observatories of 
of the woild. Xot unnaturally, however, he asked for more 
efficiency and jKJwer than hatl been accorded to former 
obseivers. He desued to be independent of the direction of 
the professor of mathematics and to be provided with assist- 
ance; he desned more accommodation in the very narrow 
house ; and he required the instruments to be put into a 
thorough state of efficiency, in view of the experience of the 
past eight or ten years. He liked the position of official 
observer to the University, and was willing to help to some 
degree with his own purse, to cany out these objects. 

The Curators seem to have been fully aware of what a 
valuable man they had in Carrington ; what view they took 
of hiB proposals is not recorded, but I do not doubt that they 
thought thorn too ambitious, for after a meeting with the 
Curators on December IG, 1851, Carrington resigned his post 
on the following day, evidently deeply disappointed. He 



to lledhjll iii Suin'}', ^vholc In* built an nb'tei- 
vatoi'y for himftplf, and pursueil iTsoairhes into the motions 
■of sun spots M^hieli led (o the disco vei} ol the bin^ulai and 
most unoxpei'led law jifo\eminK the diilt of dilleient 
latitudes upon the sun's sniface This discovei} has set 
Cun’injr ton's name as one ot the fixed stain in the fiimament 
of iistionomy, and it mi^ht just as w'ell ha^e been made at 
])urhani, and with the instiuments we then possc'ssed 

AVith the depaituie of ranin^ton the piibl ic history of 
the Ohaen’atoi-y almost eeasos Kven the minutes of the 
Curators cease to he written up. A j^ieat elmnee had eome, 
they had been unable to sei/o it, and now no interest was ielt 
in tlio humbler loutiuo of the past Yet among the names 
that follow ther4‘ are some of the observei's that deseivo 
notice. Albeit Marth held the post foi eight }eais, lesign- 
ing 111 18(id, and though he has not left much leeoid of w'oik 
done here, we are glad to think that om list iiieliides so 
honouMMl and able an nstronomei. Mr, Oleadowe Mni shall, 
a present inemhei of Senate, was for a short time idiserver, 
and John J riumnier has left many leeords in MSS and 
calculations o[ patient and cuieful woik. Pmfessor 
Chevallier died in lS7‘-3 With him the pi ofessorship of 
astronomy w^as aJIow'ed to lapse His sueeessois weie iu»t 
bound by the same duties tow*aids the Observatoiy, and its 
reaction upon Ciinersity education being, as Carungtou 
said, ** probably insensible,” little seems to have been done 
by the Senate beyond keeping the Observatory alive. 

But there were many, both old alumni and other friends, 
w'ho were far from satisfied that the T7mvei‘Hity should Loop 
inactive an institution, which was capuhle with little cost of 
doing creditable work, and whose claims, as a place <if le- 
search, come surely only second in a Unneraity to the claims 
of education. Most active among these friends was Sir 
Gainsford Bruce, who, in season and sometimes out of it, 
urged upon Durham men that it was desirable to make the 
Observatory efficient. In particular, at a meeting of the 
Durham University Association, held on December ItZth, 
1888, a paper by him was read, sketching the state m the past 
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and uiging with great force that it was time to move. In 
this he was well supported by the meeting, and in conse- 
(luenee of it the Senate overhauled the existing instruments 
HI 1S91, and i-eplaced the old equatorial by a new one. Hovi - 
evci the gieat coat of a new transit circle pTOvented them re- 
newing that teleacope ulao, and from my own point of view, 
I say happily so Koi when I succeeded Dr Pearce in 189() 
and came to ronaidei the cireumatanees of the Ohservatory 
and to consult with aatioiiomers os to the work that could be 
done nowadays with a new transit eiicle erecte<I as usual lu 
the meridian, 1 found there was a much hotter thing to do 
m setting up a tiansit instrument of an altogether ditfeient 
character, invented only fifteen years ago, and capable of 
expeiiment and development to a veiy gieut degiee. The 
interest and scientific impoitance of such a work is veiy 
much gieatei than that connected with the transit circle 
Inhere eveiy conceivable point has been the object of the 
minutest study at eveiy lai-go fixed obseivatoiy for the past 
60 years. I found many friends remly to support such a 
scheme by subseiiplions, and in shoit 1 collected a sum 
which has paid for my new telescope—the Almucantar -a 
new clock, and a chnmograph to work with it, but leaves me, 
I am soiry to say, in debt on account of the additional build- 
ings that were necessary. 

Let me now return and attempt to give you some idea of 
what we actually do at an observatoiy, and what our pui-pose 
is on gazing at the stars, n thing which I find almost noboily 
except the professed astronomer comprehends, and no 
wonder, for prihaps astronomy is the last of subjects to be 
readily grasped; with its fathomless age, its strange names 
diawn from the languages of nations long extinct scien- 
tifically ; its endless calculations and refinements ; there is 
a mystery hanging even over its clacks, which keep an out- 
landish time of their own . and all this in connection with 
mattei's os familiar and well known as the time of day, the 
sun, the moon, and the calendar, suggests an unintellig- 
ihility, an un imagined difficulty, which a plain man may 
very well think best left alone. 
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I will not profeoB to teach yon the art of asironomy in 
the few minutes that remain; but a few Bentencen may not 
be out of place. I will ilismiss very shortly one great and 
incrt'asing class of observationst with which we shall have 
little to do. This is the class in which your telescope is free 
to move in every direction, and you fix it upon an object, as 
the moon, or a group of stars, or the spectrum of a star, or 
what not, ior minutes or bom's together, and watch or 
measure them by eye, or photograph them. There is m this 
an endless field of interest, whether for the amateur or the 
professed observer, but I shall pass it ovei, because that is 
not the work for which the Almucantar is designed. 

The work which can be done by an Almucantar or transit 
circle is work which is rarely or never done outside the public 
obseiwatones. The sameness and the amount oi calculation 
it involves docs not as a rule attract the amateur This is 
that fundamental work of recording the places of stars. We 
fix our telescope with just enough motion allowed to take 
every star at some houi or another of the night, and fixing 
fiducial lines in the field of view acioss which it is to pass, 
we take the time and, in the case of the transit circle, the 
elevation at which the star comes by, and from that deduce 
its position upon the sky relative to fixed points 

Xow the stars aie the same stars that have been observed 
since Ptolemy and Hipparchus gave their places, in very 
much the same co-ordinates as we give them now, and it 
might he thought that at any i ate from the begmu ing of exact 
observation, say with Hrailley, 150 years ago, they have been 
observed sufficiently and their places are now known for 
good and all. Hut that is not the case. The interest of the 
problem is that they are not fixed. They have not only 
minute motions of their own, each one dift'ereni from the 
rest, but in them are reflected the motion of the sun in space, 
tlie orbital motion of the earth, producing aliorration of 
light and parallactic displacement, the preceasional motion, 
of its rotation, and lately as it has appeared, even a shift of 
the polar axis of rotation in the earth’s body may be detected 
by careful watch — a notable example that further discussion 



is far from superfluous. And the difficulty of fludmg any of 
these motions is enhanced by the fact that there is not in the 
sky one single visible fixed point to whicli to refer them. 
Xow I trust that 1 need not enlarge on the interest and 
importance of investigation into the values of such funda- 
mental quantities as these, and shall therefore take as 
admitted that any otionipt to improve tliejr determination 
justihes itself. 

It only remains to show you in a few words why wo 
expect the Almucantar to do rather better than the tiansit 
circle has done in the past — admirably as the best of these 
instnimcmts perform 

I have explained that an instrument designed for finding 
the places of stars is mounted with tlie least degiees of free- 
dom ” that will suffice, and this necessary fiocdom consists of 
rotation about a single axis. In the transit circle the axis of* 
rotation is designed to he horizontally due east and west, but 
despairing of iiiochanical perfection we are content to make 
it he very approximately m this direction, and then deter- 
mine and allow for the small errors that remain. Xow iii 
tho Almueantar we claim that tlie telescope turns with 
faultless truth about its theoretical axis of rotation, which 
is vertical , for it is allowed to adjust itself five]y by floating 
The telescope is atta<*hod to a lai ge, oblong, shallow, iron boat 
or tray, and this floats in a trough of meiouiy, with enough 
margin at the sides and beneath the bottom to put any capil- 
lary action out of fear; and connected with the trough only 
by means of brackets which have been carefully designed to 
forbid lateral and azimuthal motion, while permitting freely 
the slight rocking necessary for the floating parts to take up 
their own position. In turning the instrument from one 
star to another, oscillations are necessarily set up; but they 
subside very rapidly, and in practice wo find they become 
insensible in a couple of minutes, and then the telescope is 
ready for the next observation. 

This is not the only advantage we claim for the Almu- 
cantar; among others that result from adopting a vertical 
axis of rotation, are that difficulties of refraction are much 
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diminifthed and thnno of flexure of the telescoiw tube 
abolished; moreover the observations can be so arranged 
as to be more homogeneous m charaeter than those of the 
transit circle, where one of the stellar eo-ordmates is found 
from a time observation, and another from an observation of 
a divided circle, whereas in the iVlmueantar we take two time 
observations, one east and tlio otliei west Again in the 
design of the Durham instrument, the mam part of the tele- 
scope tube is hou/ontal, so that the observer stands at his 
work in a noimal attitude, m place of inverting himself u]K>n 
the usual observing eoueh These as a whole form in my 
estiinatioii a very substantial body of a<lvantagCB, and the 
ofl'sets which 1 have so far been able to discover ai’e very 
slight, the chief of them being that the field of effective work 
IS more restricted than that which is open to the older 
msfrument 

Ilut all these are so far little more than estimates ; but 
we have also for our asHurance the solid ground of Mr. 
(’hauliers experience, who with an instninient of loss power 
and uifeiior design, w'orking for a year u( TIarvaul College 
Observatory, obtained results, which compare with distinct 
advantage with the standard existing determination of the 
best known stars 
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Note on the Comparison of Sulpjioxides 
WITH Ketones. 


By J. A. Smythb, B.Sc , Ph.U. 


[Read November 1000.] 

Birnzyl aulphoxicle OHa)^ SO (M P. IHOO) waa 

chosen for this study on a^TOunt of its prootl physical projier- 
tics, anil the ease with which it can be prepared pure. Keduc- 
tion of the sulphoxide does not lead to compounds analogous 
to the secondary alc^ohols and pinacones; alkaline reducing 
agents are without action on the sulphoxide, while acid 
1 educing agenta convert it into bimzyl sulphide, (C® Ha 

S M P 490). 

'riettiment of the sulphoxide under varying conditions 
with phenyl hydrazine and hydroxylamme was without the 
desired etfect, no trace of hydrazine or oxime being formed. 

Condensation takes ])lace lahen the sulphoxide and benzyl 
mercaptan (in glacial arctic and sohilion) are saturated with 
hydiocliloi’ic and gas. The lieaiitifully crystalline com- 
fiound fonned, melting at 70°, is doubtless u Thiomei*captole 
and is at present under examination. 

AVhen benzyl sulphoxide in diy chloroform solution is 
tieated wiih phosphorus pentachloride, a vigorous reactiim 
lakes place even at 0 °; hydrochlonc aiMil is evolved in 
large quantities and a substance melting at 70°-71° is 
formed as the chief product of the reaction. This body is 
dibenzyl disulphide (\ Ho CH j S S. CHa Ce Ho as was pi-oved 
by analysis and by comparison with a sample prepared by the 
action of iodine on benzyl mercaptan 

The mechanism of this reaction is obscure, but it seems 
likely that the normal replacement of oxygen by chlorine 
takes place first, and that the compound thus formed breaks 
up thus : — 

2 (C^ CHa)a S CAa = {t\ H, CII,)^ S, + 2 C\ 

CHa Cl + CI 3 
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the chlorine then replacing hydiogen in one or more of the 
comiMmnds at hand. 

As confiimatory of this view may be mentioned that 
benzyl ehloiide was found among the pioducts of reaction; 
that liydiochlonc acid is evolved in. laige quantihes; and 
finally the obseiwation of Marcher that bromine and phenyl 
sulphide yield diphenyl disulphide. The first reaction to 
the lost case is undoubtedly addition to form (r^, Ha )3 S lira, 
which might be expected to show similar mslability at oidi- 
nary temperatures to sulphur telrachloride. 

It is interesting in this connection to compare Otto’s 
obseivation (Arm d Chemiv^ 154) on the action of phos- 
phoius |M'nta<‘hloi idc on (('a SO^ Otto gives the 

ofpiatioa of the leaction - 

<G« SOa + P Cl^ ^ P/^1, + r, SOa Cl + C« H, (1 

from wlncli it is evident that the phosphorus peuta- 
ohlonde acts simply as a clihii mating agent (r. Apjandix), 

To sum up, the analogy of benzyl sulphoxide to the 
ketones is chiefly structural; the sulphoxidcs being much 
more stable comiKiunds than the ketones. Analogy in 
chemical behaviour appai-ently only shows itself in the first 
stage of the phosphorus jicnttwhloiide reaction, and in the 
condensation reactions with mercaptans. 

Appimh^r, A few inactions of oiganic sulphur com- 
pounds, observed during the course of the above work, may 
be noted here. 

Benzyl sulphide* and hyjMichlorous acid gave benzyl- 
flulphonic chloride Ce Cl. MP. 910-92°) and 

benzyl chloride. This is evidently due to preliminary 
oxidation; and it was proved, accordingly, that chlorine 
water has exactly the same affect as hypochlorous acid. 

+ g - C,H,CHJ30/a + CACH,C1. 

The already oxidised (C* I!* CHa)a SO and (C* Il8*CHa)fl 
SOa gives the same i*eaction still more reailily when treated 
with chlorine water. 


* A (Iftermination of the molecular weight of this ooinpound by the 
deprMing of tho freezing point gave a value 212. Calculated for 


(C 4 — Cn^ )yS. the Kful. wt “ 

thu determination 


214. 1 am indebted to Mr. A. Mernck for 
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Note on Mollarsin. — A Cattle Food. 


By S. H CoLiiSH, F I C 
[Retul J>ooe]nb«r 14th» 1900 j 

This Cattle Food was used by Mr. Ximmo and a sample 
obtained from Jiim foj me by Mr It appears that 

mollassin is used only in moderate quantities and should be 
ronsiderod as a condiment quite us much as a food. 

The analysis of the actual sample obtained was : — 


Water 

31 36 

Oil 


Albuminoids 

1 25 

Nitrogenous Kxtractiyes 

5*08 

*Sugar (as Glucose) 

34 90 

Other Carbohydrates 

12 75 

Wofxly fibre 

6*01 

Mineral matter 

8 01 


lOOHX) 


It will bo seen from the above composition that the value 
of this food lies principally in the sugar. This sugar could 
be bought in the form of treacle for about half the cost, but 
the flavour of the mollassin seems to be preferred by the 
cattle. 

The value of a substance of this nature depends more on 
the amount of coarse fodder which it induces the cattle to 
eat, than on the actual value of its own constituents. 

Mollassin is a refuse product of the beet sugar industry, 
and is much appreciated by continental fanners. 


* Mostly CMio ragw 
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PnYSIOLOaiCAL PsYCHOLOOY. 


By F. B. jRVOKts ^ A., B.litt, 

[Read January Slat, 1001.] 

Physiological Psychology is based upon the assumption 
or implies the belief that every thought, idea, emotion, wish, 
pleasure, pain, ete , of wdilch wo are conscious has its counter- 
part in some corresiKiuding change in the grey matter of the 
brain ; that to every psychical state or psychosis there is a 
corresponding nervo-process or neurosis. The two processes 
are supposed to be strictly parallel, m the same way that, 
in an interlinear translation, tho sequence of words in the 
one language is exactly p£u*alleled by the sequence of words 
in the other language ; and so that by looking at either wo 
con tell with certainty what is going on in the other. Hence 
the w'ell-known name of the theoiy : psychophysical 
parallelism. Inspection of one series enables us- or if we 
had the requisite knowledge would enable us — to read off 
the other, even without seeing it. If the science were com* 
plete and if we had instruments which enabled us to see 
through a man’s skull, then by observing the physiological 
changes which took place in his brain we could say with 
certainty exactly what his thoughts and feelings were. If 
we call the brain*prooe6B a phenomenon, then the corres- 
ponding consciousness which goes with it has the technical 
name of epiphenomenon. 

If now we turn to the physiological phenomena, and ask 
what are the causes which produce the various changes that 
take place in the nerves and brain, the answer is plain : they 
are the ordinary physical causes at work in all physiological 
processes; the chemistry of cerebration cannot be different 
from the chemistry of digestion. In both, every change that 
takes place is a transformation of a definite amount of 
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energy, and the re-diatribution of a definite amount of 
matter. In both stomach and biam, every change that takes 
place is inevitably determined by antecedent causes, which 
are themselves the outcome of previous causes themselves 
equally predetermined. Brain-processes and nerve-processes 
aie part of the mechanism of the world, and are purely 
mechanical in their action. If we compare the senes of 
physical change's to a moving railway train, what are wo to 
say to the tram of thought and consciousness which cor- 
responds to the brain-process'^ The conscious pi’ocess coi- 
responds to the biain-pi’ooess m tho same way that the 
shadow cast by tbo railway tiain is the counterpart of the 
moving tram. The actual phenomenon is the tram, con- 
sciousness is tho epiphenomenon, the shadow cast by tbo tram 
and ai'companyiiig it. And the tram moves tho shadow, not 
the shadow tho tram Tlic shallow does not even move itself 
-any motion it has is due Uv the movement of tho train. 
The movement of thought is not spontaneous, nor has it even 
laws of its own: it is merely the concomitant of certain 
physical changes which are entii*ely regulated by mechanical 
laws. The concentration of tho attention on this object 
rather than that is neither spontaneous (an exercise of free 
will) nor determined by the attractiveness of the object 
which fascinates the attention. Tho moving shallow owes 
its motion to the movement of the tram, not to itself If the 
train stops, the shadow will stop. And if the train is cre- 
mated, there is an end of the shadow. 

Physiological psychology obviously comes into conflict 
with the common-sense view of things. The man of com- 
mon-sense believes that he is free to choose the good and 
eschew evil. As for his brain, which he has never seen, I 
suppose he regards that as the organ of thought, just as the 
eye is the organ of sight ; and that he uses and controls both, 
jnst as he uses and moves his hands — in fact that the shadow 
moves the train. Even the Necessitarian or Detenu inist, 
who holds that choice is not free but determined by motives, 
still holds that motives are purely mental or psychical, 
and that cme psychical state causes the next, that one idea 
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suggests another and ho on. — in fact that the shadow cuusoh 
its own movemont. But both notions are plainly illusious, 
if psychophysical parallelism be a fact. Free will and im- 
mortality of courso both go by the Inianl. 

What reasons then have we for believing that it is a fact Y 
I take it for giuntcd that there are leasons, and that if there 
were none we shoitid not be expected to believe it But if 
there are reasons, then those reasons are mental phenomena, 
they belong to the tram of thought, they are points m the 
psychical line, not in the physical hue parallel to it We 
stai*t then by being conscious, and it is from the facts of con- 
sciousness, the points in the psyehical Ime, that we infei the 
existence of the physical line. Wc cannot stait m our reason- 
ing from something of which we are not conscious. And if 
we start from the facta of consciousness, then the existence 
of the physical facts is an inference from them. Thus the 
jKisition of things seems icversed. Physiological psychology 
took it for gitinted that the physical facts were the sole sub- 
stantial r<»ality, and the mental facts unsubstantial shadows 
- -that the physical facts had an independent existence of 
their own, quite unatfectod by the appearance or disappear- 
ance of thcii shadow. But now it looks as though conscious- 
ness wore the i*ealitv, and the physical changes but the 
shallows which the facts of consciousness project when the 
light of reason falls upon them And it also seems that if 
there were no consciousnesH there could 1x5 no reason ±oi 
lielieving in the existence of matter. The whole and sole 
evidence for the existence of the physical Moild is the 
evidence of consciouHncss ; and to treat that evidence as un- 
substantial and shadowy is to disci edit Ihe existence of 
matter as well a§ of mind The facets of consciousness aie 
the primary facts, and all theories must bow before them. 

Theie is therefore something to be said for the man of 
plain common-senso who, when told that he can be scien- 
tifically demonstrated to be merely a conscious automaton, 
says “ So much the worse for science.” There is something 
to be said for him ; but how much ? What are the reasons 
for believing in psychophysical parallelism? 


2 
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The first iH that there are ccitaiu facts established by 
observation and confirmed by experiment which indicate 
that some psychical processes are dependent on brain-pro- 
cohsea. Generally speaking we may say that changes — 
whether normal or abnormal — in the bram processes are fol- 
lowed by coiiesponding changes, normal or abnormal, in 
consciousness A blow on the head may produce uncon- 
sciousness, the noimial withdrawal of blood fiom the brain 
dining sleep produces dreams. Toxic agents introduced into 
the hlooil circulation of the biuin i*esult in hallucinations 
and the visions of the opium eater, or in that glotldening of 
the Iveait of man which is due to ^ine The physical pixi- 
cesses winch aie enibmced under the toiiu “ indigestion ” 
undoubtedly find their expiessmn in the discomfort wlncli is 
a tact of consruousuess Indeed unless the feelings of a 
patient, wlncli are indubitably psychical piwesses, were 
causally leltttcd to the physical processes of the body, then* 
would and could Ik* no aif of medicine, l^nless contnvl of 
the physical pnM*esse8 of the bwly puMluood that relief from 
pain winch is a psychical pi-ocess, the medical art would 
Bcaicel> l>e in request Again, though the details may not 
be clear, it is extremely probable that both in animals 
and in man, development of mental power runs parallel with 
the development and dilVeientiatum of the brain and nei vous 
system. And in some cases the details ait" clear even now. 
Thus it is in animals which have developi'd a keen power of 
scent that the olfa<’tor> lobe of the bram is most highly 
developed. 

Jiow are these facts sufficient to prove that the physical 
and psychical processes are |)ai*allcl and may as such bo in 
Kuchds woiils “produced ever so far bqth ways?’* The 
reply given to this question by the most powerful supporti'i* 
of psychophysical parallelism in modern times, Professor 
MUnsterborg, is that all the facts established by observation 
and expi*rinient are not decisive m favour of the theory.* 

Now this declaration is of the highest importance because 

• H. MUnftterberg, Pitychcloyy and L}fe, p. 42. 
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it 18 s^inptomatH* of a rhanKO which is coming over, or I 
think I may say haw come ovei, men of science. It is a 
chanife which aifeels the very foundation of science and of 
OUT views of life, of man and of his lelaiions to the universe. 
Why IS it that the ohseiMnl facts are not sulficiont to prove 
the tlieoiy of psychophysical paiullehsm, and arc incapable 
of providing a rational justification for the conviction, which 
nevcrihelcss is strongly held, that the theory is true ^ It is 
that though theiv aiv some facts in its favour, though it has 
proved true so far as we liavo gone, still wc have gone such a 
little' way, the unknown facts so vastly outnuniher the known 
facts, that at any moment we may stumble ucioss some con- 
tiadictory fact fatal to tlie hypothesis; at any moment the 
theoiy may break down And the number of the known 
faete IS so extremely small as eompareil with the number of 
facts yet to be known, ibnt it can scarcely b«' considereil even 
probable that the jisychopbysieal parallels will prove to 
extend ever so far Iwith ways/’ 

Jlui if we aie indueneed by tliese sceptical considera- 
tions to give up psycoph>sieal parallel ism, we shall find our- 
selves logically compelled to give up the timtli of science 
generally. If the* only basis of science is observed facts, 
then we must admit that nil the facts together, which science 
has observed in our little corner of the uuivei-se, aw in- 
hnitesimally few as compared with the sum total of the whole 
universe, and are ridiculously inade(j[uaU‘ for the purpose of 
pstahlislung universal laws, and making geneml statements 
about what always happens everywhere. Ileally, the notion 
that man's petty powers of obsei-vation enable him to state 
authoritatively what does and docs not happen all through 
the universe belongs to what has been rolled the ** geo- 
centric " stage in his mental development. As long as man 
believed that his earth was the centre round which the uni- 
verse revolved, that it was for his special lienefit that the 
universe was designed, and that his fate was the sole pw- 
occupation of the Power that maintains all things, so long it 
was i>erfectly consistent of him to lay down universal laws 
and talk confidently about what always happens. JJut 
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surely at the present day we have largfer views ; inan*B little 
world has been put in its proper place; and if the day of 
geocentric theology is over, the time of geocentric science is 
also gone. 

If we say that science is based on facts and facts alone, 
then we must admit that the facts are not sufficient to prove 
its truth. If we approach the foundations of science not from 
the geocentric point of view but with perfectly oj>en minds 
we must confess that the truth of science is to the end an open 
question. This conclusion is indeed frankly admitted by 
some men of science, who declare that the theory of science is 
but a working hyiiothesis As a rule they genemlly also go on 
to say that they ai*o pieparcd to abandon it if ever they find it 
fail to work. Ilut they generally also say so in a tone which 
implies that they consider it absui-d to doubt the truth of the 
hypothesis. Their position then is that of men who bel^e^e 
in something, and state their life's work on something, 
which they know they cannot prove to be true. If 
they also hold, as sometimes is the case, that science is the 
only truth, then their position is that the only truth is that 
which cannot be proved. And as their object m life is only 
to believe what can be proved, obviously their position is 
not permanently tenable. As a matter of fact this position, 
which IS that of philosophic scepticism, has rarely been 
maintained in the histoiy of thought for more tlian a genera- 
tion. It IS invariably followed by a violent reaction to the 
opposite extreme, vis., to philosophic dogmatism. Within 
the present generation, thought has travelled the whole dis- 
tance from the one extreme to the other ; and the completion 
of the movement is indicated by the form which the theory 
of psychophysical parallelism has taken m the hands of its 
latest and most distinguished exponent, Professor Miinstei- 
herg. Let us thei-efore return once more to our immediate 
subject — physiological psychology. 

We have seen that there are some facts M’hich shou that 
in some cases psychological processes are conditioned by 
physiological pi*oceBseB, that the actum of mind is deter- 
mined by the mechanical laws of matter, that the physical 
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merlianism is the real tram anrl that our conscious states are 
buf the shadows cast by the train. But we have now to recog- 
nise that there are other facts pointing in exactly the oppo- 
site diiectiun and indicating that psychical changes are the 
1 cal causes pi*eceding ami ptoducing physical effects Thus, 
it IS an established fact m medicine that the action of the 
imagination produces important physiological effects; the 
conti deuce of the patient in his physician muy be as valuable 
an agent as anything in the phaimacopieia. Fear exei rises 
a depiessing effect on the physical system. Imagination 
will produce not merely imagiimiy but actual illness, it may 
(*v(Mi lead to the pioduetion of stigmata on the body Apart 
tiom almorinal conditions, all our emotions have their 
physical coiise<iiience 8 , blushing, frowning, fidgeltiiig, etc., 
uhicli w<» term “ thC expression of the emotions Finally, 
in mid it ion to these iiivoluntaiy physical processes which 
seem to be the merhunieal effects of om inward menial states, 
tlicie aie all our voluntary actions, which on the evidence 
mil own consciousness me physical effects deliberately in- 
tended and actually caused by us. 

How now does the theory of psychophysical parallelisui 
stand, in Mew' of these facts The theory' is that bram 
piocesses (that is physical pio<*esses) and mind piocesses (that 
18 psychical processes) are paiallel, and theiefoie con never 
meet But in point of fact, so far from being parallel, the 
two kinds of processes aie apparently perpetually passing 
into each othei. So far from the physical processes being 
always the cause of the psychical processes, it is the psychical, 
puiely mental piocesses of imagination and will which fre- 
<iuently control and determine the physical movements. So 
stiong 18 the testimony of consciousness and common-sense 
on this point that there has been a maike<l tendency on the 
pait of many scientitic men — especially on the part of those 
w’bo hold that science is but organised common-sense — to 
diop the theory of psychophysical parallelism, and to regard 
Huxley's “ conscious automaton " as a piece of scientific 
humour, not to be taken seriously. 

But the question comes whether science can afford to 
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drop the theory. Xow many men of science hold veiy 
decidedly that it cannot, for the simple reason that to drop 
it is to give up the law of the conseivation of energy, and so 
U) remove the veiy keystone of the areJi of ino<lern science. 
To admit that in some cases, or in any case, psychical pm- 
cesses determine material processes is to atlmit that mind can 
move matter, that the shadow moves the tiuin, that eneigy 
can be created and is every moment created. If so, thou the 
whole of modem science comes down witli a run, and the 
attempt to exhibit the universe as a mechanism and to 
explain everything by purely mechanical laws may as well 
be given up at once — science’s occupation is gone Hut the 
motto of science must be : Thorough. Its wutchw’oid • All 
in all or not at all To abandon the outpost of ps^\cho- 
physical paiullelism, no matter how' gieat the host of hostile 
facts arrayed against it, is to abandon the cause of science 
altogethei. In a woid, scieiico is systematised knowledge; 
and being so, the whole system must stand oi fall together 
If facts collide with it, so much the woine foi the facts. They 
must l>o denied, explained away as illusions, got rid of m 
some way — or, if that is impossible, then those who peisist in 
appealing to them must be anathematised, exrommunieated 
and cast into that outer darkness where the uuscientihc 
gnash their teeth. 

Xow, this 18 that dogmatism w'hich, as I have said, is in 
the history of thought, the reaction which inevitably follows 
a j>eri(Ml of philosophic scepticism. It is dogmatic because 
it assumes that it is already in possession of all knowledge, 
because the abides of its creed are fixed and immutable, and 
therefore cannot tolerate those modiRcations and changes 
which are necessary if they are to adapt themselves to the 
progress of thought and to provide adequate expression for 
fresh facts and new ideas. The difference between a dogma 
and a working hypothesis is that, when new facts turn up, 
the working hypothesis can be modified to meet them, and by 
so modifying itself continually approximates more and more 
closely to the truth ; whereas a dogma is something that may 
not, must not, be modified, and is therefore continually left 
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more and more behind, as knowled^ moves foi*wanL Every 
dogma was in the beginning a working hypothesis — one, 
that is to say, which might be given up, or at any rate, 
modified, whenever necessary. A working hypothesis 
becomes a dogma, when it is no longi'r regarded as a pro- 
visional hypothesis but is pioclaiined to be an absolute truth 
not to be given up under any circumstances. As long as it 
is a working hyp<}lhcHi8, it is a living thing, can assimilate 
new fwts, and grows and thrives by doing so. The dead 
dogma rejects facts ; and It is this rejeidion which shows that 
it is dogma and dead. If we enquii*e why the dogma fails fo 
explain the new facts, the n'ason is plain ; it never i-eall> ilid 
explain the facts which it was originally supposed to account 
for when it was elevated to the dignity of dogma. 

What then is the particular dogma m this case, a Inch 
rejects facts because it cannot assimilate them, and pio- 
nouiices the man who daies to question its truth — anathema, 
which licing intcrpietcd, is “unscientific^^' It is the 
dictum that tin* amount of energy' in the universe is fixed, 
and that, though transformations may take place, the sum 
total con neither be added to nor diminisbed. Now, there is 
no doubt the fact that 1 control and di roct my own movements 
is in flat contrail icti on to this dogma. According to the 
theory of psychophysical parallelism every physical move- 
ment is due exclusively to some previous physical movement. 
Accoidiug to the facts of every-day experience, some physical 
movements are due in I>ai1: to a previous mental process, that 
is to say, in those cases the movement of the iiiolccules ot tho 
grey matter of the brum is different from what it would have 
been, hail the mental process not taken place. Mow ** a 
physical movement does not change its diieclion except 
under tho influence of a physical force of a certain 
strength.”* Therefore the mental process is followed in the 
physical world by an addition to the sum total of the energy 
existing before its action. If the volition does not increase 
the amount of energy, it cannot affect or change the direction 
of the physical movements, that is to say, I cannot move 
my limbs. 

* HlSffding, OvUtwt PttffchUogy^ p. 06 . 
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Now, though it be anatliema marauatha to question the 
tiuth of the dogma, perhaps one may venture to enquire 
what are the leasons foi believing it Kor I suppose we have 
not yet got so far as to bo in possession of “ revealed science,'* 
01 the verbal inspiration of scientific fomiulro. In default 
ot revelation, there are, as far as I am aware, only two 
attempts to pmve the truth of the doctrine of the jiersistency 
oi energy The first takes the fonn of an api>oal to facts. 
'I'he doctrine is then put foi waid avow^edly us a merely w'ork- 
lug pothesiH ' the dooti ine is not yet a dogma It is based 
pund> on the obsei’vation of facts: iii the cases wdiich we 
have (diserved, eneigy persists; m the transformations we 
have measured the amount on one side of the eiiualion is 
always equal to the amount on the ollioi side, theiefoio this 
IS piohabl>, and until w'e aie hettei advised, univeiNally the 
case Hut this mild conclusion is obviously insufficient foi 
dogmatic purposes. ^I'he extent to which we have mcajim*ed 
the energy lu the univeise is absurdly small, as a basis for 
conclusions about the w'holo it really aftonls very little 
piesuinption indeed. In fact it leaves it an entirely open 
question whethei the sum total of energy in the univei-se is a 
fixed oi a Huctualing amount. And so long as this is the 
ease, it is also, so fui os the transform at ion of energy is eon- 
eenied, quite possible that the sum total is fluctualing, that 
is to say does lecoive additions, and that those additions aie 
made by the W'lll. 

That IS the coucluaiou to which we come if the persistence 
of eiieigy is alleged to be based uiion facts But that con- 
clusion IS not the one which the dogmatist de 8 ii*es. Indeed 
I think it 18 obvious that no aigument which bases itself 
upon fact can be sufficient for dogmatic purposes — for this 
simple reason, that he who appeals to facts is at the merc^ 
ot facts, whereas the dogmatist wants something which will 
enable him to o\er-ride facts. He must thei-efore begin as 
he wants to end— that is with something higher and moie 
cogent than mere facts. Then he will be perfectly safe. 
AVhat 18 not Imsed on facts cannot be shaken by facts. 

Now that is exactly the position which is taken up, with 
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loganl to the conservation of energy, hy the scientific dog- 
matist of the present day. The doctrine is a logical neces- 
sity, not in the sense that it is an inference which you must 
admit if you concede the pi-emises fiom which it is dranu ; it 
is itself a neccssaiy law of thought, the way in which the 
mind must think about things m s]mco. It is not an infer- 
ence fiom farts, but the only way in which the mind can see 
the facts. Obviously Iheiefore it nevei can be coiitiadicted 
by farts nor even come into collision with facts AVe cannot 
undermine it by challenging the facts on which it is based, 
for it 18 not an infeienoe from facts at all. AVe cannot con- 
vict it of being inc’onsistent with faet, liccausc it is itself the 
only way in which ta<*ts can be nghtly appit'hended -and 
" lightly apprehcmled ’’ means of course “appiehonded in 
huimony with the dogma 

As far as I understand this dogmatic position, it is some- 
what as follows. Take a gnnip of dots antmged in a 
qiuucunK : — 

« • 

« 

• • 

may distinguish the dots m the top lino from the i-est. 
That is one way ot looking at the gii>up. Or we may distin- 
guish the centre dot from the rest. That is another way of 
looking at the group Or we may distinguish the top line 
from the bottom and fiom the centre. That is anothci way 
of looking at it. But whichever way we hmk at il, it is the 
same group. Thei*e is one gioup, ami there aie thiee or 
nioi*© ways of looking at it. To say = 4 + 1 — 2 + 

1 + ‘"^1 is simply to say that them ai^ three ways of looking 
at the group and that each necessarily implies tlie other two. 
That 2 4* = 4 + 1 is not an inference from any facts. It 

IS a necessaiy law of thought. The mind cannot think 
otherwise. The only right apprehension of the meaning of 
the concept “ five ” consists in apprehending the facts in this 
way Ami it is also the only possible apprehension. AVe are 
dealing with a necessity of thought. 

Now what is true of the simplest arithmetical equation is- 
equally true of the most complex equation in which the 
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traiufunuatioiL of ener^^^y caa be expressed. It is a necessary 
tnith. It 18 not an inference from facts, or from one sot of 
facts to another. It is simply the same facts viewed in two 
ways. The facts are tlie same throughout The persistence 
of energy is simply the necessary law of thought that A — A. 

^’ow, the only comment I have to make on this is that it 
is all very good but it does not prove the conclusion, viz., 
that the total energy in the universe is a fixed amount. For 
the sake of argument, I am perfectly willing to admit that 
two and two make four. Hut that fact in itself proves noth- 
ing whatever about the amount of energy in the univeise. 
The fact that two and two make four tells us nothing what- 
ever about the total number of things in the umvei-se, still 
less does it piove that that total never increases or deei eases 
In the same way the physicist’s equations do not enable us 
to draw any inferences whate\er as to how much energy 
there actually is They simply show that any fixed amount 
may appear in one of several equivalent foims, not that the 
total amount in the univemo is fixed. The tact that five 
ilots on the blackboanl may be regarded as divisible either 
initd 8 + 2 or 4 4* 1 does not enable us to tell bow many dots 
there ai’e on the whole blackboard It certainly tells us 
nothing about the laws according to which dote appear upon 
the hoard and an* I'emovwl from it. Yet the scientific dog- 
matist in effect argues thus ; the five dots on the board may 
be analysed in various ways, therefore no additional dot can 
possibly be put uimn the bouid, nor any existing dot possibly 
1)C wiped off. Dote aro persistent, uncreated, indestnictible, 
and can neither be increased nor decreased in number. The 
whole oT the mechanical theory of the universe is based upon 
the necessary law of thought, that gi-eat truth, of the 
indestructibility of dots. 

A moment ago I was willing to allow that two and two 
make four, for the sake of argument. Perhaps just for the 
sake of argument, you will allow me to assume that dots on a 
blackboard are not eternal. I will then ask whether the 
truth of the proposition that 2 + 2 = 4 is in the least affected 
by the fact that the total number of dote on the board some- 
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times increases and sometimes deereasesP If the energy in 
the universe is i-eceiving constant additions, are the 
physicist's equations any the less irneY 2 + 3, 4 + 1, 
2 + 1+2, are simply different ways of looking at the same 
five dots Or on the doctime of the persistence of dots, you 
may say Uiat they are ti-ansfoi mat ions, and that the same 
five dots persist through all the imnsfoimations But is 
that truth in the least impaired by admitting that the total 
number on the boanl is \ariablo''' Supposing it dot*s vary, 
surely it remains eiiually true of any five of them, that they 
2 + 3 or 4 + 1, etc. Suppose that theie ai*e only five on the 
whole board and that then a sixth is put on : what would be 
the resnlt? Why I that we should analyse the new gioup 
info 3 + 3 — 4 + 2, etc , and that we should find our tM:iua- 
tions absolutely undisturbed. In tlie same way an addition of 
energy, caused by volition, would result not m the equation 
of 3 + 2 = f» but m the ec[aation 3 + 3 4 + 2. The 

introduction ot the new dot necessarily affects both sides of 
the equation, because the Iw'o sides aie simply diffeivut ways 
in winch the snmo dots (luehuling the new one) pi^sent 
tliemselves. 

In fine, the physicist in his ex pm iments assumes that he is 
dealing w'ith a definite amount of eneigy and that it is con- 
stant — that when he is talking about 3 be means 5 and not i». 
Thus the doctrine of the pemisfence of dots amounts to this, 
that so long as wc are engaged in analysingf 6 into 3 + 2, etc., 
we must assume that we are dealing with the same number 
of dota throughout the analysis, or, if you like, that the same 
dots peisist throughout the analysis. When tracing the 
tinnsformations through which a definite amount of energy 
passes, we miist assume that we ai^ dealing with the same 
amount thioughout, or if you like that the some amount 
persists throughout. 

Hut according to the psychophysical parallelist, if this 
assumption bo granted, then you cannot move your limbs, 
because if you did, mind would act on matter, and your 
volition would add to the amount of energy existing before 
the volition. I submit that the psychophysical parallelist 
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is really arguing that because 2 clots + 3 dots = 6 , therefore 
a sixth dot can never be put on the board, therefore when we 
see ii put on the board we are not to believe the evidence of 
our senses ; and when we put it on ourselves we 01*6 to shake 
our heads and ^ay “ Ah I that is an illusion.” An argument 
of this kind, which commands us to reject facts, because it is 
incapable of assimilating them, is known in philosophy as a 
dogmatic argument The dogmatic phase through and out 
of which wo 01*0 passing at the pivsent day has manifested 
itself in the attempt to erect abstitioi mechanics into a final 
and exhaustive theory of the univc»rse The fallacy of this 
particular dogma cousisis, as I have already indicated, in 
confusing calculation with measurement. Xow abstiact 
mochanies calculates but never measures It tells us not lung 
about leal li'\ei*s, oi crowbais, oi the effects which they 
actually produce, but only what effects they would produce, 
if they were lines of a given length, and if they were made 
not of any actual metal but of some material absolutely un- 
alterable in fonn or dimension In fact it nevei deals with 
concrete things, or describes what actually goes on in the 
real noiid It is a set of purely hypothetical statements of 
what would happen if the world were made up of mathe- 
matical constants— Inch it is not. 

Abstrai't mechanics assumes^ os it is fully entitled for 
scientific purposes to assume, an abnoimally simple stiucture 
for the universe. Sometimes it stops there, and commits only 
tlie comimmtivcly unimportant error of imagining that it 
has avoided the necessity of considering the actual structuie 
at all— as being a thing which may safely be neglected. The 
trouble begins when dogmatism supervenes, when the very 
existence of the actual stinictuio is denied because it differs 
fvom the simplified structux-o assumed for the purposes of 
abstract mechanics, when we are told dogmatically that cer- 
tain things cannot take place because abstract mechanics 
cannot account for them. But though the trouble begins 
here it 'does not end here If the dogmatism which is based 
on an en*oneou 8 extension* of the sphere of abstract mechanics 
simply led to a conflict between dogmatism and philosophy. 
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•or between dogmatism and common-sense as to the existence 
and the freedom of the will, the man of science might leave 
the parties to the dispute to fight it out between themselves. 
But the consequences of dogmatism go much further and 
affect science much more nearly. They lead ^ the doctrine 
that it 18 necessary, dogmatically necessary, for science not 
merely to simplify the data of its problems -a proceeding 
which is indeed both pemissible and necessary — but to 
falsify the data. ?fow against the doctrine tliat falsification 
of fact 18 essential to science, it is the business of the man of 
science to protest. And it is pi-ecisely the theoiy of psycho- 
physical parallelism which, through the mouth of Prof, 
MtinHterberg, proclaims that falsification of fact in essential 
to science. 

What then are the facts which are fatal to psycho- 
physical parallelism, and which must therefore be perveiied 
and falsified if we are to believe in it? They are psycho- 
logical facts — sensations, emotions, judgments, volitions, 
ideas, etc. And it is the business of the scientific psycho- 
logist to ascertain in what ways these facts do actually co- 
exist with each other, or follow one upon another — to estab- 
lish uniformities of co-existence or sequence -to discover 
the laws by which ideas are associated with each other, or 
by which ideas tend to pass into actions. Now it is 
admitted on all hands that such psychical laws can only be 
discovered from the study of psychical facts ; and that the 
corresponding physiological processes throw no light upon 
psychology. No one is clearer on this point than Prof. 
Munsterberg, who says: — “Wo cannot have as psycholo- 
gists any interest in the question of the special biam process 
which accompanies a special psychical phenomenon ; that is 
physiology, and psychology has nothing to learn fi-om it 
We take for granteil that such a connection exists, indeed 
our whole explanatory psychology would collapse if we 
allowed the slightest exception, but we do not learn anything 
about the psychical facts themselves when we hear that the 
process takes place in the cortex or m the sub-cortical 
centres, in the ganglion cell or m the dendrite, or in the front 
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part c)i in the Hide paH of the biain.”* It Heema then from 
these words that the psychologist gets no aHsistance from 
physiology in his attempts to ascertain the lawH which govern 
psychical facts. We aro also told that the observed facts do- 
not warrant in believing that thei*© is any conoHjiondenre 
or parallelism between the physiological and the psychical 
processew The facta do not support the hypothesis of 
parallelism, and the parallelism, if it existed, would not help 
psychology one bit. And yet, though the hypothesis is not 
founded on fact and is absolutely uselesR tor the science of 
psychology, the psychologist is bidden, under pain of excom- 
inunicatioii, not merely to accept it but to falsify the facts of 
hifl science in older to bolstcu* up this metaphysical dogma. 
The only way, we are told, by which we can save the hypo- 
ihesis of ps^'chophysicul paiallolism, is to assume that all 
psychical piocesses arc in the last icsoil sensations. If wo 
make this assumption, then we shall have on the psychical 
side a senes of successive sensations which will exoidly cor- 
respond to the senes of bmin changes on the physical side 
Hut in point of fact tlieiv ai’e many psychical processes 
which ai*e not sensations Thus m the process of judgiiiont^ 
we are aware of, say, two sensations, and wo judge them, say, 
to be different Hut the judgment or declaration that they 
are different is not a thml sensation. Yet it js a p 83 'eho- 
logical process : it is something we do, and it is not a sensa- 
tion So too the piocess of choice : we have sensations of two 
things and wv choose betwemi them, something ceidainly 
takes place, when we do so, and that something is not a sen- 
sation. And, g<»nerally speaking, we may say that having a 
sensation, being awaro of something, is fundamentally differ- 
ent from doing something. Hut, the dogmatist tells us, if 
that is so, then the theory of psychophysical parallelism 
breaks down. Therefore although wo undoubtedly do do 
things, the psychologist, in the interests of dogma, must not 
bo allowed to admit the fact. On the contrary ho must 
be ordered to pervei-t the facts and to say that we never 
choose or judge or will or do anything, but in all cases are 
* Piiyehology md L\ft^ p. 67, 
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Hunply awaro that something happens, and that tliat some- 
thing IB a Bcnse-perception. Thus, I havo a sonse-percop- 
tion of white, another of black, and I judgo them different. 
Is the judgment a thinl sensc-pereoption If it la then 
through what scnae is it perceived? la it a sensation of 
sight? Then what ia its colour, its shajie? Whercabtiuls 
on the blackbooi’d ia it P I see the board that it is black and 
the chalk-marks tnat they ai*e white; but I do not see any 
third thing, when I judge black and white to be difteient. 
lJut if the ju<lgment is not a sense- percept ion, then it is a 
falsification of fact to say that it is. And why is the jisycho- 
logist commanded to falsify the facts'^ Because the facts 
arc fatal to the psyrihophysical thcoiy; and if the psycho- 
physical theoi’y breaks down, then (he methods of abstract 
mechanics full to afford on explanation of a luigo and 
ID) po if ant Beet ion ol knowledge, and it will have to be 
odmiltcd (hat the imtveiso is not puivly mechanical in its 

WOlklUg 

'I'o sum up and coiicUulo The psychologist eluiins 
Hcjeiitihc ievedom to stiidv and (lie tacN of psychology 
as he finds tliem He is dugmaii(ally foi bidden to do so, 
on the gi^mnd that to do so lemls to the denial of the 
law of the eonservaiion of eneig.> The (|uestioii which I 
wish to put to the Society is this : tloes that law itMiuiro us 
“ to aaauuio that tho quantity of energy in the universe is 
finite; and that, being finite, it neither men'oses nor 
deci-eascs?''* 

* J. Ward, Natiu'cUistn aud A\fnoifftCKtfn^ ii., p. 75. 
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Medieval Dkama in Fkance before the 
Fourteenth Century. 

By W. K. Ubwil'k, M A. 

[Road May 23r«l, lOOl ] 

As its title imlicatos, it is the purpose of this paper to 
truce the oii^iu and eaily history' of Fi*ench uic^dncval 
di'aiiia, HO fur us the sparse doi-uTuonls on the subject that 
have BUi’Yivecl allow, 'rhe subject naturally falls into three 
paiifl : (1) the liturgical origin of the plays ; (2) thoir develop- 
ment III the hands of the clergy ; and (2) the gia4hial transfer 
into the hands of lay societies. Until this last stage is 
readied it is hanlly ace mate to sj>oak of this movement as 
French Its language up till then is Latin, and in tracing 
its early history we shall be ni loaldy dealing ^ith a geo- 
grapliieal section of Kiiio|ioan ivligious liteialui-e, for a 
l>arallel and cunteiii[KHaneouM devehi]>meut was taking placo 
in tho Chuich world of NortUein Italy, Oennany, Holland 
and Spain certainly, and m all probability in England and 
Ireland also. Hut France, and mon^ especially northern 
and north-west Fiance, appeal's to be its eailieat home, and 
there are two distinct od vantages in studying it in ralation to 
French literature one, that, whereas in all other countries 
except Germany there ai-o hanlly any documents from which 
to piece together an a(»count, in France a considerable num- 
ber of Latin dramas of different dates have survived ; and the 
other that, as a part of Fnmeh literature, a good deal of light 
may be thrown upon it by comparison w ith tho epic and lync 
movements which had procedwl it, And were already 
approaching their decadence before drama had found a homo 
outside tho precincts of the church ami monastery. 

Survivals in Fiance (and elsewhere also for that matter) 
have certain characteristics in common which it is well to 
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state l)ofore approaching any of them in detail. With the 
exception of the three of TTilarius they are all anonymous; 
they givo no uidicaliou of the date of the compoHition of the 
drama or dramatic scene. The date of the MSS. itself is no 
sure guide, for some of the earliest forms of a given play ore 
often found iii ihiifoonth, fourteenth and fifteenth century 
iiianusoripfs, and earlier forms natumlly often continued to 
be used in many centres long after a more elahorate form had 
l)een composed in one centn*. All without exception were set 
to music throughout and none werc ever performed without 
the music ; in hy far the majority of cases the music orcom- 
pauies the woids in the MS , and in those whore it does not 
then' are distinct diivetioiis that the jmHs should he sung 
Naturally such peifoimauces piosupjiose a full choir and, 
a]>ail fiom rcmmiic accessories gmdu.ally inti-oducod, could 
only be perfoimed m the rieher foundations, and there their 
introduction or omission was optional and the amount of 
clalHiration m tin* perfoimanec would vary from time to time 
with the taste and juoclnities <if tlie authoritres So far as 
Fraiiee was concerned, if w'© may take the MSvS. as a guide, 
the chief centres wheie liturgical and scmi-liturgical dinma 
was cultivated weiv Limoges, Itouen, Ailcs, Saiiitcs and St. 
Benoit-sur-Loire. 

The movement was absolutely spontaneous and th rough' 
out its whole doveloi>mcnt completely uninfluenced by 
classical models Medueval diama can elami to bo as 
natinal an outgiowth from thosei vires of the (flmixdi os was 
Grw'k drama from ilio i-eligious i ights of Dionysus. When 
classical influences did make themselves felt in Franc© 
during the sixteenth and at the begiiiuing of the seventeenth 
centuries, so fat fiom fostering or transforming the religious 
drama, which bail then heiMime the national French enter- 
tainment^ they combined with other causes to stifle it com- 
pletely. This was not the rase either in England or in 
Spain, but in France the Renaissance marks a complete 
break in the history of tragedy, and moflern tragedy springs 
as surely from classical influences as medunval drama does 
not. 
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Tho subject has already beou divided into Ibree periods. 
These are not* however, rhrouolofficnlly distmct The 
fiist, Iho use of lituri^fieul drama, dates roughly from 
Boiiie lime m the math real ary i-o (he eii<l of Ihe tenth. In 
the clevcMilh and lirst halt of I lie twelfth eentuiy, in which 
the plays heetinie ospeemlly pojmlar among certain rich 
cenirpH of the Chuich, Htnigical diuina and semi -liturgical 
drama /r, plays which gradnallv cvpand and l>ccome 
dclachahle from the olhcc of llio daj’— e\isi side hy side, and 
there is a tendency to uitioduce shni t passages m h'lxuidi side 
by side w'lth Latin From towards the end of tlio twelfth 
century dates tho earliest complete play in French, Le 
Uranic d’Adam,” and slightly later comes “ Le Jeu do St. 
Nicholas’’ of Jean Hodel. The thirtoeiith century gives us 
nothing beyond “ Le Miracle of Theoidiile ” by Kutobouf, for 
tho work of Adam do la Halle belongs to tho development of 
comedy and thert'fore lies outside tlic seope of this ^mpor. 
It must not, liowcvi'r, 1 h‘ supixwed tliut the comixisition or 
{leifomancc of Latin diaiuas ceased when pi'ifonuances in 
the vulgar tongue hogun. (\>ui posit ion of semi-litiirgicaJ 
dramas contuiucJ in Fnince till the close of the thirteenth 
century and then ceased, tliough in Germany composition 
piohahly went on longer, and jM*rfoi mances in churches and 
os part of the sot^mccs of Latin diJimatic scenes, both in their 
simplest and m the later more eluliorate forms, persisted foi 
centuries after the close of the p<»riod with which this paper 
deals. Thus till the eleventh eentury Ihei-o is no sign of 
iuiything but puiely liturgical drama ; dunng the latter half 
of the eleventh to the middle of the twelfth century liturgical 
drama and semi -liturgical drama ran side by aide, and then 
J^'rench lay (religious) plays are added and all three continue 
till the end of the fourtc»onth eentury and beyond it; only in 
France no new dramas weni composod in Latin after the 
close of the thirteenth century. 

In a certain sense there is a dramatic element in all 
religious ritual, and germs of drama existed in abundance 
in tho elabomto ritual which was the heritage of the Church 
in the Middle Ages, And tho cesthetic delight of pious 
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monks in lia perfomianco, rombinod with tho nimploand un- 
questioning faith of a pooplo who looked to the Chai*rh for 
the satisfof'lioii of all tliose longings whi(*h the cruel hard- 
ships of then life could only intensify, gave rise to a move- 
ment, at first uppaivntly musical and afterwards liteiary, to 
lengthen and fui’thei elaborate cIiuitIi sciwices, on tho lines 
already laid down This movement, for which no certain 
dates (*aa he given, had alieaily started in France in the 
ninth century and spn^ad thence towards the close of that 
century to St (lull m (lennany The oll'-growths fioni tho 
ritual which thus aiose ate called tropes, and of these some 
were m tlie fonn ot ilialogue, and of ti'oiM's in dialogue some 
again gicw into shoit dramalic scenes. Tiopes m dialogue 
were m piosi* — not \erso, and piose is the earliest form of the 
dramatic scene All trapes ucre of course choral, and it is 
thought thiii (hose in <lialogiie were poi formed first of all 
merely as antiphons hy the ehoir without dramatic action, 
though theiv iloes not appear to tie direct evidence of srich a 
stage There can he no doubt, however, that tho tropal 
movement, tho litmiiiy and inusiral remains of which only 
survive, was accompanied hy an elalMiraiion of the scenic side 
of the seiwicp, though tho details of such de\elopmeni are 
untraceablc in their earlier stagt^s Three dramas of the 
Middle Ages, all of them destined to undergo an enormous 
development later, ara dtstiiiclly tiaroahle to tho stage when 
they wpie meraly short troi>es. Tlie first is tho drama of the 
Shephenls, the second, I he drama of iho thrao Maries’ visit to 
the Sepulchre, the third, tho Praphets of Christ. The first 
and the thinl ai ise fraiii tiopes to the Clinstmas festivals, tho 
second from a trope to the festival of Foster. The second is 
the kernel from which by gradual elaboration the Passion 
plays arose, the first gave rise to all the senes of Natavity 
plays, and the thiid to tbe whole cycle of Old Testament 
plays There is no evidence to show that any but these three 
plays originatnl in a jiraso trope and passed thence through 
intermediate stages to their ultimate form, nor is it either 
necessary or reasonable to suppose that they did, as will 
appear in the sequel. Hcncc the statement that liturgical 
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(Irania originated iu llio trope ia true, but only in a limited 
senae. 

Tho limits of this paper inako it nnj>osHiblo to lrat*e all 
thrw? of these scenes through mtei mediate stages. An 
almost complete list of the nianuscupts ol tho thi*co Manes’ 
scene has been collected from available soiuces jn Lange’s 
“ Lateiuische Osterfeirn/’ and they are arrangcxl in a 
probable order of (ben oiigiii 'I’lieii numbei (224), of 
which Oerniany coutnlndes 150, Fram^t* 52, Italy 7 , Spain 2, 
and England 1, apait from pioving tlie iniiueiise populaiity 
of the scene, indicates |)crhaps that Latin diama uas far 
more cultivated in France ami (jleiiuany than elsewhere, but 
on that point it is dithcult to dogmatise, for many causes 
contribute to the suivjval m ilisapptMuance of MSS,, and 
theie is one MS , at any rate, in Dublin of an advanced stage 
of this scene uhjch Lange did not know, and others may 
exist, especially in Italy and Spain, (hinously, of all these 
MSS the two old(*Hl come, one from Uminaay (Damberg) and 
the other fioui Euglaml * Doth are of the tenth centuiy 
and yet both contain slight additions to the original four- 
lined trope. I’lu* one liom England is a<5eomi>anied by the 
earliest scenic djn*ctious of mediaj\ol drama; m the MS. 
these have an Anglo-Saxon gloss and aie uorth tiunslating 
“ AVhilo the tliird I'catling is i-eeited let four brothers robe 
themselves. Let one of them, lolwd in an alb, start and 
secretly approach tho place of the sepulchie ami there, hold- 
ing a palm iii his hand, sit quiet, and while the third 
reapouse is sung let the remaining llueo approach, all indeed 
wearing copes and beaiiiig consol's with incense in their 
hands; and step by step, us though socking something, let 
thorn come before the place of the sepulchre. For these 
things aie done in imitaiiou of an angel sitting on the 
monument and of uomeu coming with spices to anoint the 
body of Jesus. When therefore the one sitting has seen the 
three, as though at a loss and seeking something, ajiproach, 
let him begin in a moderate and sweet-soundmg voice to 

* Megularvi Ccncordta of Kthnlwold, Urit. Mas., Cotton. Tib. lu. 
At, L 21, a ind L 
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sing * Qucm qiitpriiis P ’ oic. ; wliicli having been sung to 
the end, let these Ihitjo answer with one voice, 'Jesum 
Mazait'nuui,' to whom they, ‘Non eat. hic, suri'exil, sicut 
preedixerat, ilc uuntiate quia sun*exit de moriuis.’ At the 
voice of this Older let the three turn to the choir, saying, 
^Alleluia, suimxit Dounnus de sopulcro.* This said, let 
him, again sitting, as though calling them hack, say the 
antiphon, ' Vemte et videte locum,' etc. Saying this, let 
him arise ami laise the veil and show them the place baied 
of the cross and only the cloths lying lu which the cioss hod 
been rolled, AVliich having been seen, let them place the 
censors which they bore on the same sepulchre and let them 
take the linen ami stretch it out towards the clergy, and, 
as though showing that the Lord had useii and was not 
wmpjx'd m it, let them sing the antiphon; ‘Surroxit 
Dominus de sepuiero,* and let them place the linen on the 
altar. The antiphon firnsheil, let the Trior, rejoicing for the 
triumph of oui King, lot that he had eouqueivd death and 
risen, begin the Ji>mu * Te J)eum laudainus.’ ’’ 

Hero, as throughout our peiiod of mcdiieval drama, tho 
parts wei'c all played hy men or boys, never by women, 
(except iMnhups in a (oiiveiit). This scene irom the tenth 
century in some! monastic churcli is the ca,?‘lie8t of which 
there is recoid, and it is not the simplest foim of the trope 
— that lacks the phiase, ** Vemte el viJcte locum ” All 
through tliere is no meutiou of the attendant worshippers 
— the congivgatiou ; tin; whole scene is for tho edification of 
the officiating choir and clergy. Tins is worth noting, for 
many wntei-s speak as tiiough in its origin liturgical drama 
was detiuiUdy iiileiuled to instruct, edify and delight the 
people. There is no giouml for such a view. These scenes 
arose, like iho trojies themselves, from the delight of the 
clergy in their services , any idea of spectacular education of 
the people is later and quite secondary. The reference to 
the sepulchre bared of ihe cross and tho cloths in which 
the cross hml boon wrapped shows that this scene was the 
complement of another on Good Friday, when the cross had 
been solemnly placed in the sepulchre (permanent or figured 
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moaument at this early date ib iincertaia). I have not been 
able to find any reference to this custom, ho prevalent later, 
as early as this one, and there is no trace of a dialogued trope 
for the Good Friday “ officiuni sepulcn/' it was perhaps 
perfonned to the singing of a Fcquonce. It is evident that 
Easter figuraiive scenes stood in close relation to those of 
GoodFiiday; winch of the two is cailier, whether the bui'ial 
of the cross suggested the u*suirection scene or vice versa, I 
do not know. 

The Hesurniction scene in this primitive form is found in 
foriy-five MSS. varying from the tenth to the fourteenth 
centuries All agive m coiiiaining word for word the four 
sontcuces of Ihe ongimil troix* taken fitim the accounts m 
SS Maik and LuKe- not from the gosp<'l of the day Mono 
hold till* view that some unknown monk had composed this 
trojio definitely as a dramatic scene, that its iierformaneo was 
drunialic from the outset, i e , that liiurgi(‘al drama sprang 
suddenly iiiUi being as diuma Lange sliows this view’ to be 
unh'nable b^ (|Uotmg a tniiie fwm Limoges (eleventh century 
MS ) on the Ascciision, which is in dialogue exactly almost 
verbally <iii the lines of the Jlesurrcctiori trope, yet which 
was sung by the elioii on]}' and did not give ziso to a dramatic 
scene. The contio\ej*sy on this point, whieh is of import- 
ance, for the oiigin of liturgical drama, is reviewed by Mr 
Fierro llutler in “An English Miscellany^’; hut m that 
article, though in all other respects it is a resume of Lange's 
argument, Mr. Futlei makes norcfercmie to the existence of 
this Ascension trope on which Lange’s contentions mainly 
hinge. Langt'’8 Ircatmcnt conclusively proves that the 
Easter dialogued troiM^ w’us first mcivly sung by the choir 
without dramatic action, and yet m the tenth century the 
dramatised, t.e , the second stage had alreaily heeii icachwL* 

The remammg stages through whi(*h lliiR scene passed aa 
liturgical drama must be briefly summarized : they are (1) 

* It iR noteworthy that ihe existence of this tenth century Kughsh 

MS. IB difficult to reconcile with tlio still oft repeated Btateinont that there 
are no nigns of religiona drwna in Kngland beforo the Normnn Conqueat. 
Mr. FoUanl still includeu this statement in the introduction to the third 
edition of ** Kurly Kngliith Mlreole PUys." 
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the introductioa af further antiphons, already contained in 
the ritual, oa part of the scene; (2) the further addition of 
the second pai*t of the sequence “ Victim ae pascali laudes 
which was alrea4ly in dialogue; (*1) the introduction of the 
running of the apostles to the sepulchre — the germs of a new 
scene, with, in some MSS., the addition of an anthem sung 
by choir and people, “ Christ has risen from tho dead ’’ ; 
(4) the mtrwliicfion of the apiicaranco of ("hrist to Mary. 
This is found chiefly in Geiman MSS. (four only are French, 
two from Bouen, one fiom Orleans and one from Mont 8t 
Michel). None of these MSS are earlier than the thirteenth 
century. 

There is veiy consideiuhlo variety of treatment in the 
MSS. of Ihe thinl and fourth stages, and though tho 
original part appears m prose metrical sequences are 
included. Tlie uitniduction of metiical sw^uences is 
interesting because it fonns a bridge between prose and 
metrical Latin drama, and it shows that the tropes were 
further used for purposes of amplification of dramatic scenes. 
The stages here mentioned are worked out by Dr. Lange. 
An interesting example, not mentioned by Lange, of tho use 
of tho sequence m enlarging tho scene is an MS. from 
Archbishop Marsh’s Iibmry in Dublin, a facsimile of which 
is given in Mr. Frere’s Winchester Troper, where the scene 
is introduced by a sequence sung by the ihroo Manes, bewail- 
ing the death of Christ 

On Easter Monday it became the custom to celebrate a 
scene of the appearance of Christ to two disciples going to 
l^lmmaus. A form of it is preserved in an MS (fourteilnih 
century) of Saintes. It is mentioned here because it 
illustrates a common way in which, after the idea of such 
scenes interpolated into the service had become familial', 
new scenes originated. It is a semi-dramatic version 
of the Gospel of tho day. That is to say, our Lord 
and the two disciples aie represented by priests, and 
tho dialogued part of tho Gospel is put into their mouth, 
while the narrative part is sung by the choir. This would 
be nothing but a choral rendering of the Gospel, only that 
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the MS. includos simple directions for action. In another 
fonrtoenth century MS these ore more elaborate* Two 
priests of the second rank were the pilgrims, clothed in 
tunics, with hoards, and cai lying sluft and purse They 
advance slowly by tho riglit aisle to the western door and 
stop at the head of the piwession. The priest representing 
Chiist, clothed in an alb and ainiet, u cmoss on tho right 
shoulder and eyes lowered, approached them. The dialogue 
18 in Scripture woids, A tout raised m tho nave ^presents 
the mansion of Ummaiis — the bivaking of bread took place 
in the tent and tho Christ disappeared. Then the pro- 
cession re-fonued and proceetled to the choir, where Vespei's 
were finished. To this scene again, in an MS of St. 
Benoit, is addotl another of the apiieaionce to the apostles, 
Thomas being absent — the choir i-ci>resent tlie apostles. 
Thomas joins the apostles and the Christ appeal's again. 

The twelfth ceiilury gi\os us another glimpse of tl^ 
llcsui rectiou plays, not in Latin diania but In French. The 
maniiseiiptt that preserves this piecinus fiugiaent (though 
3G0 lines it is only a fiagment) is fouiteeiith centuiy, but thb 
language speaks for the twelftli centuiy Butting aside all 
questions eonnechMl wiUi the ininsilion from Latin to hT*eneh 
drama, I here merely summuiize what it odds to our 
knowledge of the early stage. It is all in octo-sy liable 
verses and the dialogue is broken by short narrative Versos 
to piece together Iho different scenes. It begins with the 
request of Joseph of Anmathea for tho body of Christ 
addressed to Pilate. Pilate consents and expresses regret 
for having condemned him. Then follows the legend of 
blind Longinus, whose sight was lestorcJ by tho blood flow- 
ing from the Saviour’s side, the descent from the Cross and 
the burial, and the posting of guards by the sepulchre. 
Here the fragment ceases, but a rhymed prologue describes 
the mise en schie and gives an idea of the dimensions of the 
whole. There is to bo a crucifix and a monument, a gaol lor 

* Rouen MS , Ko. 4,829. 

t B%hluiUU(iue Nai. Parm^ 002, fonds fnuifau, od. Jabiiud, 1884. 8va 
lf*sruu 
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prisoncra ; hell is to he oa one side of the stage, and paradise 
on th© other and the following mai}i7ont are mentioned: 
ono for Pilate with six or seven knights as vassals, another 
for (^aiaplias and the Jews, one for Joseph, one for 
^Jicodenius, each with his iicoplc. The fifth mansion is for 
the disciples, the sixth for the tlireo Manes and finally there 
are to be places representing Galilee and Emmans. The 
play evidently began after the Passion and recounted 
Scripture histoiy in a succession of scenes, including all 
those hitherto spoken of until Christ's appearance after the 
Resunvetiou in Galilee The stage, which had to find room 
for a row of six mansions (or cxtnls (stalls) us the prologue 
calls them), for two figured ploecs, and for paradise and hell, 
must have Im'Cu almost us elaborate us any in the fifteenth 
century. 

Here we must leave the Kaster plays — they disappear 
completely from sight in Eronch documents for two 
centuries, when they reappear in the vast Xew Testament 
cycles of the fifteenth and sixteenth eenturies. There they 
are of course far longer and are precoded by Passion plays, 
of which, beyond the dirge of the thice Maries and the 
apparently mute office of the sepulclire, there is no trace m 
France before the filteenth centuiy. M. Petit do JuUeville 
is of opinion that French writers long licsitatcd to represent 
the Passion of our Lord. The gap betivoen the French- 
Latin Easter drama of the thirteenth century and the vast 
French Easter mysteries of the fifteenth might bo partly 
bridged from English and German souires, but these lie 
altogether beyond the scope of tliis jiapi'r. 

The drama of the shepherds is another centre round 
which Nativity plays grew up. It is traceable to a dialogue 
trope very similar to the Resurrection trope already men- 
tioned and exceeding shoit: — 

Quem quamtw w* //mMc/N!, pcWorf^i, 

Bevponclent : “ Salrfsdor^ Chrutum flominim 
**A(kid h%c parwt/tM, rum Marta rtkaitt 
“ Sk nunc tiuUrM tht itp quia Tmian ont, Afhhiia,'* 

Apparently the oldest foim that has survived is that pre- 
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Bervod by a fourtoentli century Rouen MS.* Here or© ite 
rubrics: — ^J^eloie Ike IiUroU let the ciaiUe be placed behind 
the altar and the xniago of the Virgin placed there. First 
let a boy before the choir, m a high place, announce the 
Nativity of the Lord to five caucun or their vicars of the 
second rank The shepherds enter by Iho great door of the 
choir and cross the clioir m the middle. The boy says to 
them the voi'sea fi oiu St. Luke (li., 10-12) Several boys in 
tho vaultings of the church, iiguring angels, sing in a loud 
voice, “ Gloria in excelsis.*' The shepherds ailvaiico toward 
tho cradle chanting “ Fax in terns.'* Two piicsts of the 
second rank clothed m dalmatic, Jigiiiing midwives by the 
cradle, show the infant J esus to the shepherds, who worship 
and retire chanting ** Alleluia." “ Then lei Moss bogm 
and lot the shepherds direct {reganl) tho choir." 

There are other more developed forms, where one of the 
shepherds is to road tho lesson or two of them to sing the 
Gradual. The appearance of apociyphal mid wives shows 
that this form even, is comparatively late, but intonuediate 
ones ai*o lost. Not developed by a tiope, but probably 
suggested by the oftire of tho shepheids, is tho Drama of tho 
Magi at Epi])haay, and, similar ni charatAer, tho Drama of 
the Annunciation; both exisi m u simple form in prose and 
a more complicated fonn lu venae, following tho regular 
developmenkt 

The early dramatic scene of tho Prophets of Christ is 

* Du Ciuigu, r ftiih “ PiMloiiim Oiruiinin ” 

t Both arc an lutoroRtmu study, but must Ihj passcHl by. One fact 
about tlio Adoration uf the Magi is wortli noting specially A fragment 
of an eleventh coufcury form was found on the dyleaf of a psaltei of cTiailea 
the Bald, and this ftagmont is found again word for word in one of the 
latest and iiioet doveloiied forms uf tlie play ^aii MB. from St Benoit). 
This shows the way in winch onn version niailo tue of another. About the 
Annunciation play it is worth noting (1) that iii playing it at Civit^ale 
the procoBUon left the ohurch and proceetled to the forum (piibbu stjuare) 
■inglng the response Gawit> Tn’i/o then 

cum Imo^ i.r,, both gospel and play were sung Thu done, they return to 
the church. (2) At Tournny a canon of the place ha<l left a liequest to 
bo spent on [s*rfonnmg the Annunciation jioriodicaUy. The scene was 
called tho Golden Mass and interpolated into tho offioe of the day. Those 
dramas originate apparently from the gospel of the day, but are not ti-ooeable 
so far back os either the Rusurrootioii scone or tho scene of the Bliepherds. 
(Bee P. do JuUeville, Lta \oL L, p. 30.) 
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tmdoTibtedly the origin of the whole Old Teitameat cycle of 
plays, and its hiatory can be fairly completely traced in 
French-Laiin sources and in them only.* Among the inter- 
polations into the service for elaborating the Christmas 
festival was a spurious sermon of Si. Augustine (Sermo 
beati Augustini de natali Domini). The sermon exists in 
a twelfth century MS., a breTiaiy from Arles (the liturgy 
of it is much older) preserved in the Paris National Library, 
where it is called Lectio Sexto. St. Augustine, addressing 
the Jews, appeals to the prophets as witnesses; Isaiah, 
Jeremiah, Moses, Daniel and David, then Simeon, Zaohoriah 
and Elisabeth, passages from the words of each being 
quoted. Then, turning to the Gentiles, he calls on Vergil, 
Nebuchadnezzar and then Sibyl, with twenty-seven 
hexameters from Vergil ; the verses Tam nova progenies,’* 
from the fourth eclogue are introduced. This sermon, 
already quite dramatic, gave rise to a dialogued trope at an 
unknown date. The earliest form of it is in a Limoges 
tr<q>er.t It was sung after Tierce or after Matins to prolong 
the office. The monks in two rows took the prophets’ parts, 
the precentor the part of St Augustine. The prophets are 
the same as those in the sermon, but Habakkuk and John 
the Baptist are added. Their pitiphecies are metrical 
versions of the quotations in the sermon. The Gentile hexa- 
meters are improved upon; Vergil’s line, for example, 
becomes Eeee polo demissa solo nova progenies est. At a later 
but uncertain date the scene reappears at Bouen in a dra- 
matic and enlarged forrn.^ Balaam is introduced — ^he and 
his ass were destined to contribute much to the comic element 
in the fifteenth century. The directionfl for costumes and 
scenery are elaborate. Nebuchadnesiar has hia throne and 
a crown on his head ; the part is enlarged ; a furnace {LinUo 
et tiuppis eonstiiida) is provided in the nave ; three young 
men are to walk about in it and Nebuohadnessar is to admire ; 

* V, Sspet, Ls drome erSftm oh ptogen and P. d« JnUeviUe, etp, 

tMl. JfsU., 11S0L 

X Da (hugs, «tiA '*Fsstiini AstnoroiiL*’ 
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Mo«es in alb and cope ** with boms and a beard ” eairies the 
tables of the Law; Isaiah haa a red star on his forehead; 
Aaron wears a mitre and holds a flower; Daniel in a green 
tunic is armed with a pike. Ilabakkuk, very old and lame, 
carries a wallet full of roots, which he pretends to eat, and a 
whip “ wherewith he may shake the nations.” John the 
Baptist has bare feet and carries the Gospel; Elisabeth, 
clothed in white is to appear gtmsi prirgnnnsf and Yergil is 
to be a young man, bene om^Uui, The whole procession 
marched from the cloisters round to the western door of the 
church and up the nave as far os the furnace ; six monks 
representing the infidel Jews stoo^l on one side, six infidel 
Gentiles on the other. Evocatores or heralds called on the 
performers each in turn, and after each had come forward 
and sung his metrical prophecy the choir like a Greek 
chorus apostrophized the six Jews and Gentiles — 

“ O Judaea intrtduta^ 

Cfur adhue mamJi tnvereuimia / ** 

Yergil aad the Sibyl came last, and when all waa over 
the whole procession reformed and proceeded to the choir 
for Mass. This play is scarcely semi-liturgio; it is not 
intei^lated into, but played before the office of the day. 
When drama had reached this stage, it was time for it to 
leave the church; it is no wonder that some of the wor^ 
shippers who witnessed such performances began like the 
Greeks to ask, “ What has this to do with Dionysus.” In a 
sense the whole Beformation movement was a continuation 
of the cry. 

Obviously, as it expanded, this drama began to get too 
long for a single performance. The first oi these prophets 
honoured with a complete drama to himself, which has 
survived, is Daniel ; and there are two idays, both lourteenth 
century, on Daniel — one by Hilarins, the other anonymous ; 
both are elaborate. The dramatis personas of that by Hilarius 
are : first part, Belshaasar, tite queen, Daniel, four 
soldiers, some lords; second part, Darius, Daniel, the same 
soldiers, and lords, three angels, a den for lions, li(^ in 
the den, Habakkuk. The first part includes a least at 
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Babylon, when Belshazzar desecrated the sacred vessels] 
a ohoma in the kin^^’s honour; the appearance of the words 
JfeTic, oto. ; the entry of the queen ; the failure of the wise 
men to interpret the words ; the entry of Daniel, sununoned 
by advice of the queen; his interpretation; and closes with 
a chorus in honour of the queen. The second part (we might 
almost say act) includes the arrival of Darius with his army 
(i.r., the four soldiers); the slaughter of Belshazzar and 
chorus in honour of Darius; Daniel appears, refuses to 
worship the King and is cast into the lions’ den; an 
angel brings him Habakkuk; Daniel is justified and 
received into favour. 

Hilarius’ version, 300 odd lines, is all in Latin syllabic 
verses. It was to bo represented “ ad maiutinas ” or “ ad 
vesperas.” At the end of the play Danus was to start 
the Te Deum ” or the Magnificat,” according to the time. 

The other edition emanates from Beauvais and is a 
monastery piece composed by clerks and students. This is 
interesting, for it suggests the idea that, besides delight 
in long musical services, and later a desire to edify the con- 
gregation, the use of such exercises in educating students, 
clerks and others both in Latin and in Scripture may have 
been one of the motives for the spread of the movement. 

The Beauvais Daniel is an example of those plays of 
about the same date (viz., middle or close of twelfth 
century) in which passages occur in Trench — short tags in 
this play, as though to eke out a verse. In two of the three 
plays of Hilarius the same thing occurs rather more 
extensively ; one cm the raising of Lazarus, and there it is a 
pathetic refrain of Martha and Mary ; the other a miracle 
of Si. Nicholas, Another instance is on older play than 
any, a haJf-lyrical and pathetic rendering of the Parable of 
the Ten Virgins, in which about one third is in a mixed 
dialect of Langne d’oH and Langue d’oc. This play is 
ascribed by Mr. Pollard to the thirteenth century. It is 
true that the MS. is thirteenth century, but it contains 
documents of different dates bound together, and some 
French authorities place the date of the Sponsus (as the play 
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is called) ae early ae the tenth century, while all a^ree that 
it cannot be later than the eleventh. It BceniH to belong to 
a class by itself and, so far as intro<luction of French is con- 
cerned, to have been long in finding imitators. 

This introduction of little smatterings in French, in 
plays otherwise all in Latin, is on unexplained problem. 

Where the whole was sung a few French words could not 
have served to help the p<H>ple to follow; even had they 
heard the words, they are mostly such as could not possibly 
convey even a thread of the story. The French words are 
put indiscriminately in the mouths of angels, common 
people, chief characters and minor characters. It seems 
impossible to suggest a reason for them. It is usually said 
that they pave the way for the drama wholly in French. 
This is at best a hypothesis and there is little to support 
it. It is often stated that as time goes on these passages 
grow longer. That is not the case, in French sources at 
any rate; it is only made to appear probable by placing 
the ** SponauB play ” a century and a half after its probable 
date. The fact is that the date at which plays were tlrst 
composed wholly in French is unknown ; tho date given to 
the earliest known is the latter half of the twelfth century, 
s.e., about contemporary with those of Hilarius. The date 
cannot be precisely fixed within fifty years. This Drame 
d’ Adorn,” together with the “ Nicholas ” of Jean Bodel, and 
a fragment of a resurrection play, are evidences that before 
the end of the twelfth century a purely French drama 
existed. How long it had existed, how many other plays 
accompanied or preceded these is unknown. It is quite 
possible that little pieces of French in Latin drama^ almost 
macaronic in character, were a reflex of already existing 
French drama and in that case we should have to look else- 
where for the idea of a drama completely in French, It 
may perhaps have been suggested by the ipUre farcie, 
Scriptural verses paraphrased and amplified in French, the 
Latin phrase and the French metrical rendering of greater 
length alternating, many examples of which have survived. 
This thesis, which is a subject for a paper in itself> can here 
be no more than mentioned. 
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Before leaiving the Bubject of Latin drama to go imtothoBe 
few French plays which lie within our period, it may be 
well to Bummariae the main outline of growth under 
exoluBively Church influences. 

Latin drama is choral throughout; (1) its earliest form is 
prose and it sprang from dialogued tropes first sung by the 
choir only without action ; (2) then solos took the {dace of 
merely antiphons; (3) then simple action was added, and 
with it came fresh phrases still in prose and at first in purely 
Scriptural words ; (4) next comes a stage in which the prose 
is abandoned and Latin metrical syllabic verse («.«., based 
on popular not classical metres) takes its place. Here for 
the first time some scope is given for originality on the part 
of an author. This stage began probably at the close of the 
eleventh century; the scene, up till this of the briefest 
character (five to forty lines), is enlarged by absorbing into 
itself parts of sequences already in verse. The metrical 
nature of such sequences may perhaps have suggested the 
recasting of the previotu prose into a metrical form. 

Both tropes and dramatic action were first introduced to 
enhance the solemnity of Easter celebrations, and the scene 
of the three Marios alone can with any oertoinfy bo said to 
have passed through all these stages. The Nativity scene 
of the shepherds certainly originated in a trope, but inter* 
mediate stages are not traceablo, the earliest MS. dating 
from the fourteenth centuiy, though of course the contents 
may be far older. The Prophets of Christ, also a Christmas 
scene, starts from a trope (preserved In the already mentioned 
twelfth century Limoges troper), but this trope is not drawn 
from Scripture b^ from Augustine’s spurious sermon (the 
distinction between sacred and canonical texts was vague 
in the Middle Ages). 

With the dramatic scenes of Christmas and Easter as 
central points, a double development went on. The scenes 
themselves were enlarged 1^ additions and extension, and 
the example set by thmn was imitated at other Church 
festivals, in which case the material is usually drawn froai 
jQie gospel of the day. 
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Internal expansion has already been illustrated both in 
the case of the Prophets of Christ and the Three Maries’ 
scene. Extension of the idea to other services led to 
dramatic representation of the Annunciation, the Adoration 
of the Magi, the Slaughter of the Innocents, the Flight into 
Egypt, the Parable of the Ten Yirgins, the Besurrection 
of Laxams, the Conversion of St. Paul, and four Miracles 
of St. Nicholas. 

It is interesting to find these Latin plays subject to what 
the French call the “ law of amplification.” For the observ- 
ance of this law is one of the most striking characteristics 
of all French medieeval literature ; the best examples of it 
are the vast growth of poems of national epic and of Arthur 
romance. But in the case of Latin drama it was hampered 
in its action throughout by the intense conservatism of the 
Church. Another most striking characteristic of mediseval 
poetry is its cyclical character, and cyclical tendencies were 
at work on mediaeval drama, even whilst it was exolusivoly 
in the hands of the Church. Almost all the plays found a 
common bond in their connection with the life of Christ 
which the Church year illustrated, and as in their growth 
they grad^dly became disconnectetl with the particular 
festival on which they were originally performed, they 
tended to group themselves together. The best example is 
of German origin. It is preserved in a thirteenth century 
MS. of Munich. It begins with the Prophets of Christ, pre- 
sided over by St Augustine in person (among the prophets 
Balaam appears on his ass), g^es on with a dispute between 
Augustine and the Jews as to the possibility of the Incarna- 
tion, then reprcMents the Annunciation, the visit of Elisabeth, 
the Incarnation, the Adoration of the Magi, including their’ 
visit to Herod, the shepherd’s scene, the Slaughter of the 
Innocents, the death of Herod (who is seised by demons, 
multum ffaudefUe$), and the Flight into Egypt, and ends with 
a scene in Egypt, where idols &ll before the infant Christ 
and cannot be raised again and the king of Egypt An al ly 
worships the Christ and has the idols br^en — all this con- 
secutively. The oyelical ohaiadter is apparent— the bolder 
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flighia of German imagination, md the tendency to a typs 
d realism, which Frenoh>Latin drama had too much 
delicacy to imitate, are no less apparent^ St. Angnstine's 
presence to conduct the Prophets* scene is a striking proof 
of the origin of the Old Testament cydla 

Throughout, Latin drama was performed in the church, 
at first in the choir, then, as the scene developed, in the 
nave ; when interpolated in the service it takes place before 
the Introit; in its more devdoped form it precedes the 
service altogether. I do not know of any French example 
of a performance in the churchyard, though in one case, 
that of Givitadale, the public square was the theatre. 

In passing from Latin to French drama falling within 
this period it is most important to bear in mind that one 
reason why drama originated in the church was that the 
Church was long the only corporation existing capable of 
its performance. Drama differs from other kinds of 
literature in demanding the close association of a number 
of people prepared to work together, some suitable place for 
its theatre, and an audience to witness it. All these the 
Church had from the outset. Court societies might have 
taken it up, had they not been so enamoured of court love 
themes and Arthur romances; but until there was some 
kind of organisation, with literary tastes and ambitions, 
and existing too in a centre large enough to command an 
audience, there could be no French drama. Hence the 
question of the date of the origin of French mediieval 
drama is ooimected with another equally obscure, namely, 
at what date did literary associations arise in the French 
communes ? For it was in them, and in them cmly, that 
both the population, the enteigrise and the aocommodaii<m 
necessary for dramatic performance could be found. In 
the fifteenth century onwards medissval drama was, in 
France as in England and Germany, in the hands cf trade 
guilds. How long it had, been in their hands is quite 
nnoertain, and the date when trade guilds first arose is 
equally uncertain. But whether before trade guilds or no^ 
certainly concurrently with tiiem, thei^ existed in the fiouis 
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hidng communes of northern France societies half -religious 
and baU-literaiy, called Pays.* The most famous of these 
societies, which were always under the protection of some 
patron saint and in many cases had a taste for pious litera- 
ture, is the Puys of Arras, which claimed to hare been 
founded by the Yirgin Mary herself in 1006, but which 
M, Petit de Julleville thinks was founded sometime in the 
twelfth century. And one of the throe surviving plays 
written before the fourteenth century, the '' St Nicholas " 
of Jean Bodel was in all probability written for the Pays 
of Arras. Another of them, the “ Miracle de Thdophile,” 
by Rutebeuf, may have been written for a similar society, 
but that is more doubtful. Of the theatre of the fourteenth 
centxiry forty-three plays have survived, all miracle plays, 
and forty-two of them miracles of the Virgin Mary, and 
these all emanate from some Puy or Puys, though it is 
unknown which. As to whether the Puys performed 
French plays on Scriptural subjects already treated of in 
Latin drama or not, there is no direct evidence. That 
they did so, is an inference drawn from the fact, that when 
they appear in the vast cyclical collections of the fifteenth 
and sixteenth centuries, they have not only enormously 
expanded and completely detached themselves from the 
Church services, but have also admitted a large inroad of 
the comic element. These changes did not take place under 
direct Church auspices, for the Church continued to perform 
in Latin the older and simpler forms. They could there- 
fore only have been the work of the Puys and later the trade 
guilds of the communes. But there still remains tiie 
question, how comes it that, with the exception of the “ Jeu 
d'Adam,” and the fragment of a Besurreotion play, all relics 
of French drama previous to the fifteenth century should be 
miracle plays, none of them cm Scriptural subjects P The 
only answer available is that more core was taken by the 
Puys of plays on new subjects, and therefore xegarded as 
original, than of Ihose on older Scriptural subjects which 
the Puys only gradually enlarged. 

^ (The word msaas nomiftsiii sad is said to darijrasts ndssd at- 
torn on which ths mmbm gathsred to fwd or stag flwir oontpoi itloas. ) , 
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It is impossible at the close ol an already lengtby paper 
to do anything like justice to the four French dramas of the 
twelfth and thirteenth centuries; as the earliest remnants 
of French drama they haiw all been at length treated in 
several French monographs. 

All questions of language and style and detailed content 
must be left on one side, and 1 shall only shortly indicate 
the connection of one of them with Latin drama. The 
“ Jeu d’Adam ” is preserved in a single twelfth century MS. 
in the Tours library. There is absolutely nothing to 
indicate its date, or place of origin, or author. It may or may 
not be a French edition of a lost Latin play. French-Latin 
remains have no Adam scene. It is in reality a three-act 
drama. The first act consists of Qod’s command to Adam 
and Eve in the garden, the temptation of Adam by Satw, 
the temptation and fall of Eve and then of Adam; their 
lamentation and expulsion frmn Paradise, their tilling the 
ground and sowing, while the devil sows tares behind them, 
and finally, their exit to hell, escorted by demons (687 lines). 
The second act shows Cain and Abel sacrificing. Gain's 
slaying of Abel, God’a curse of Cain, and finally, the exit of 
both to hell (154 lines). The third act is the procession of 
Prophets annoxmeing the Christ (200 lines). This last act is 
one further proof of the origin of the Old Testament cycle. 
Finally comes a sermon, all in French (360 lines), which ends 
by enumerating the fifteen signs of the last judgment. The 
rubrics or stage directions are unusually elaborate, all in 
Latin, and so full of interest that to do them justics they 
ought all to be given in full. The following pointh, how- 
ever, are of special importance. Paradise is to be on a 
raised platform, surrounded by drapery and silk hangings, 
of such a height that only the head and shoulders are to be 
seen. “ There shall be seen there sweet-smelling flowers 
and foliage, diverse trees with fruits hanging to make the 
place appear more pleasing.” The author is very particular 
about articulation and gesture. “Let Adam be wdl 
instructed as to when he shall answer, so as not to be too 
quick or too slow. Let not only him but all the personages 
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be instructed to speak deliberately and to make suitable 
gestures to what they say, let them not add or omit a single 
syllable of the metro of their verse^ but let all pronounce 
firmly and say in order all that is to be said.” In the 
temptation of Ere a serpent cleverly devised is to mount the 
forbidden tree and Eve is to approach and gfive ear to it. 
When driven out of Paradise, Adam with a spade and Eve 
with a rake, shall begin to cultivate the ground and sow 
com. Having sown they shall sit a little aside as though 
weary with work and ‘^shall often raise tearful eyes to 
Paradise and strike their chests.’^ Meantime the devil 
shall come and plant in their field thorns and tares and 
then shall depart. W'hen Adam and Eve return and see 
the thorns and tares already raised, pierced with violent 
grief, they shall fall on the ground and, remaining lying 
there, shall strike their breasts and thighs, making gestures 
of grief.** 

When Adam and Eve are to be conducted to hell, there 
shall come the devil with three or four devils with him carry- 
ing chains and collars of iron, which they shall place on the 
necks of Adam and Eve. Some shall push and others shall 
drag them towards hell. At the entry of hell other devils 
shall come and meet them dancing with joy together for the 
fall of Adam and Eve . . . They shall place them in 

hell, whence they shall make issue great smoke and shall 
utter loud cries of joy, they shall clash their kettles and pans 
so as to be heard outside, and alter a while somo shall come 
out again and run here and there {dumrrafii) through the 
rows (p/o^ecu) while others remain in hell.** When similarly 
taking oft Coin and Abel, “ they shall overwhelm Cain with 
blows but take Abel more quietly.** When the Pigura, 
i.e,, God, has finished his part he is to retire to the church 
{mdat ad ssolestam). This has been held to prove that the 
play took place in the churchyard, but the words would do 
equally well if it had been played in a monastery. It is the 
only evidence which I have met with of a churchyard stage 
and it is rather too slender to suj^port the theoty that the 
ohurohyard formed an interm e dia t e step between the church 





and the public square* In the prophet scene nothing is new 
except the language. The prophets ready waiting in a 
hidden place are called up by a lector in the words of St. 
Augustine’s sermon, ^^Yos conyenio Judosi.” Yirgil and 
the Sibyl do not appear. 

Apart from the stage directions, Latin still appears in 
this twelfth century play in two directions: choruses in 
Latin by a choir, not the actors, are introduced at the end ol 
the Adam and Eve scene and at the end of the Cain and Abel 
scene. These might perfectly well be omitted so far as the 
unity of the performance is concerned, but they are a dis- 
tinct bond between this the first play not sung and previous 
and contemporary Church wholly musical drama. 

Further, in the Jeu d’Adam ” there are short Scriptural 
* texts in Latin at the head of many of the speeches, the 
speeches themselves are an enlarged and free French 
metrical version of the text. Whether in playing these 
texts were read by a lector or sung by the choir or omitted 
altogether is uncertain. These texts, besides being a bond 
between Latin and French drama, are, I think, of great 
importance to the question of the origin of purely French 
plays. The method adopted in this the earliest French play 
is almost exactly that of the f arete which has already 

been mentioned. 

The French metrical sermon which follows the play is an 
early example of a custom, very common in latter plays, of 
ending the performance by an exhortation, which takes the 
place of the usual “Te Deum” with Mass of liturgical 
drama. This twelfth century sermon includes the follow- 
ing lines: — 

He the Freneh pnhlio) woald nther heir sung 
Hew BolUod went Joujiting 
And Oliver his oomtnde, 

Then he wouhl Hit to the Psasion 
1¥hl0n Christ enffared in great woe 
For the sin whidb Adam did.” 

Here we have an indication of how French medusval 
drama at the outset found in old national epic a rival to its 
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popularity. It is interesting to note tliat the earliest MS. 
of the Song of Boland is within a few years a contemporary 
of the Drome d’Adam ” and written in the same Norman 
dialect. Ghnat as was the popularity of epic in the twelfth 
century, drama was destined to outlive epic three 
centuries and become not only the most universally popxilar 
national entertainment which the French have ever had, 
but also a concrete expression of the only theory of life and 
the world which the medieeval mind could conceive — a world 
above which was a concrete paradise of God, saints and 
angels, and below a concrete hell of devils and lost souls, 
a world which was a literal theatre, whore hell and heaven 
met continually and strove for men. The medieeval mind 
looked out upon this world through eyes ihat saw a 
miraculous blending of heaven and hell in every event which 
rivetted its attention. It is usual to speak of the religious 
stage as symbolizing these beliefs, but it is almost truer to 
say that the mediseval stage held up a mirror before 
the medisDval nund and reflected it, and the reflexion 
is true even to those grotesque and comic traits which 
shock modem sensibilities. The Church, it is true, 
had so far excluded these elements, but they make their 
appearance in the earliest French play, s.e., as soon as com- 
position is freed from restraint It is impossible to say 
whether an emotion of horror or amusement would pre- 
dominate with the audience, which witnessed Ike devil’s per- 
formances in the Jeu d’Adam.” The juxtaposition of the 
grotesque and the tragic which was destined to become one 
of the main characteristios of medifieval drama, appeared no 
more incongruous on the stage than in the stone omomenta^ 
tion of a cathedraL The grotesque is the expression of the 
French moqueur as much as the tragic is the 

expression of French faith, and the medieeval stage is a 
theatre of a long conflict between the two elements, in which 
the tragic gradually succumbed. It was not science, nor 
olasaioal learning, but this esprit mogueuTf which killed 
religious drama, just as in the larger theatre of life it 
gradually undemined the medissval fiuth. 
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From a mere musical addiiioa to a ohuroh oelebratiou in 
the ninth and tenth oenturiee, drama had already in the 
twelfth century, aa the Jen d'Adam ” and the fragment 
of the Resurrection play prove, undertaken to represent on 
a single stage the relation of three worlds, and the purpose 
and destiny of the then known universe, and the process of 
its development had been quite unconscious. Add the 
Resurrection cycle to the “ Jeu d’Adam ” and you have all 
the essentials ef the vast fifteeniSh century compilaiitms. 
Subsequent generations elaborate everywhere, add a sdene 
or two here and here, but introduce no new idea either in 
stage mountings or in plan. They mainly develop minor 
characters, all of them French and nearly all humorous- 
soldiers, executioners, and merchants, whose frivolous 
attitude in the midst of portentous events makes mediasval 
drama all the truer picture of the minds which it reflects. 
They expand the twelfth century outlines at enormous 
length — one single edition occupies six thick octavo volumes 
and took ten days to play, and flfteonth and sixteenth century 
remains mount up to about two million lines, and through 
them all there is scarcely any literary work which, as 
literature, will bear comparison with the twelfth century 
"Jeu d^Adam." Thus in one further respect medinval 
drama follows a law which all French papular literature of 
the Middle Ages illustrates, epic, lyric and romance — the 
earliest documents show us the moment of its xenith and all 
subsequent elaboration seems a gradual decadence. 
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PROCEEDINGS 

OW TRK 

Inivtniti) of fw^am |l(|il(n|i|)ini SKitt9 

(AstmAOTjED ntoM THX Mimittss). 


November ist^ 1901. 

(At Tfix CoiXKOK or Scubnoe, Pb. Mebs in the Ohaib.) 


The following Candidates 
Society ; — 

Rev. M. Brack, B.A. 

C. H Bryant, M.P 
O W. Riouabdson, M.D. 

H W CJotraiNB. 

F. E W. Mason. 


wore elected Members c»f the 


A. Merbigk. 
W. Smith. 

W. C Smith. 
A. B Tati. 


The Treasurer read his report, which showed fhe financial 
position of the Society to bo satisfactory, there being a balance 
of £24 8s. lid. in hand. 


It was resolved that a member shonld be appointed to edit 
the Soc.ety's Froeeedmga and to report its meetings. 

The following offleen were elected for the sesaion 1900- 

1901 


PreMeiU: 

Thb Vbbt Rev. The Warden. 
Vice^PrwideiUM : 

PRorBSSOR F. pHUJurs Bhdoon, M 4A., D.Sa 
Rev. H. B. Tbisxram, M.A., P.D., F.R.S. 
PBovpasoR H. P. OoBMET, M.A., D.C.L. 
PBOrEMOB SAMnOE, M.A., 

A. S. PakOiVAii, M. A . f M.P. 

K A. Bolav, M«P* 

Eon. Seerttariu: 

O. Maok (OoU. Mad.) 

B.B.Gwo(CML So.) 



6 C 

Mditor qf TVoiwacfioiia ;* 

F. 0. Gabbktt, M.Sa (OoU. So.). 

Ck^nrmeoi the Chemicat and Pk^^iktU Section * 

PkoranoB Hbkbt Szbods* M.A., D;8a 

Honoraty Secretary, 

H. E. Watt, B.Sa 

Okairman qf the BioloyieeU Section : 

Pbotxwob G. a Lbbottb, M.A. 

Honorary Secretary: 

J. J. Grxxk, a So. 

Committee * 

PmorwoB M. C. Pottcr, M.A J. T. Mbbtk, Ph.D., D.O.L. 

PBoraasoB H. Lovu, M.A. S. H. Comjns. 

lOB Qbobob R. Mobbay, H W. Coosi.hb, ASa 

M.A., M.D. 

Profeaaor Sampaon read a paper on ‘ The University 
Observatory.’ 

November a6th, igoo. 

OKunoAL AND Phtsioal Sectiost. 

(At thb Coxxxgb ot Souuroi, PBonasoB Stbovd nr tkb Chaib.) 

The following candidate was elected a member of the 
Society: — 

J. M. Badoook. 

Dr. Smythe read a paper on ^Soine Organic Snlphar 
Oomponnds,* giving an acoonnt of some unsncoessfol attempts 
to prepare optically active compounds of snlphar. 

December 14th, ipoo. 

BiOIiOOIOAL SsOTlOV. 

(At thx OoiuaB or Samoa, PBorasBOB Lbboub uc tbs (TsAnu) 
Profeasor Potter gave an aooonnt of * Borne recent researches 
in Plant Nubritiom’ 

Mr. Oollins read a note on * Molaasein.’ 

January aiat, 1901* 

(AT THB OoLiaaB or Sconros, Da. Mbbi nr thb Obaou 

Mr. H. E. Watt having letigned the S 6 oretaryih 4 > of the 



67 


* Ohemioal and PhyBlcal Section,’ Mr. T. Baker vas elected to 
fill the vacancy. 

Dr. Jovona read a paper on ‘ Phyaiological Psychology.’ 

February aiat, 1901. 

BlOTXWiOAL Skotiow. 

(At thi CoLUoaa or Mxdiuinb, Bia Ohokuk Phiuphon in Tin dHAUU) 
Dr. Tamer read a paper on ' The Liability of Vestigial 
Stractnreg to Disease, as illastrated by the Venniform Appendix ’ 
and exhibited a series of specimena and preparationa. 

Dr. Dolam exhibited some new recording inetrnmenta for 
the Physiological Laboratory. 


March 7th, 1901. 

Ohkkioal Aim Phthioatj Bxorion. 

(At tics C0L1.EOB or Boienok, Psorassos Snouo nr ran Cbmim.) 
Mr. Patterson gave an account of 'The Principles of 
Colonr Photography,’ illoatrated by photographs and experiments. 


March I4tfa, 1901. 

Biologioal Siotiok. 

(At ten Collbos or SenNOi, PaorMBoa Laaova nr ma (7 haib.> 
Dr. Brady read a paper on * Passages in the lives of some 
Cmsbaceans,’ dealing more particularly with the stractnral 
differences between shallow water and deep sea forms. 

Dr. Bedson contributed a note on ' A Deposit of Snlphur 
m a Colliery Water,’ which had been examined by Mr. Stanley. 


May aard, 1901. 

(At UNiraastiT Coixaaa, Da. PLomaa m tbb Casta.) 

Mr. Urwick read a paper on ' Mediseval Drama in Franca 
before the Fourteenth Century.’ 
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On a Oankkb op thb Oak. 

(Quereui roiur.J 

By Ttohmot If. 0. Ponte, lf.A., V.L,&. 

[Rood Doaailtbw Mh, 1001.] 

[no Sooioty la iiulabtad to the BngUah Afborlmittiml Society tor tbo ua 
of the bbioka UlnatntiBg thia p^ar.] 

Perhapo the beat known of the tree-canken are thoae of 
the Larch, Aah and Apple, thait of the firat-named being 
eapeoially deatructiye ; but the (Uaeaae ia alao of finqueiit 
oocurr^oe lai other treea. 

Oenerolly apeaking, a oankw ariaea from the local 
deatruction of the cambium year ly year through the action 
of a paroaitic fungus, which ia dormant during the summer 
and reanmea au active condition in the winter. Wh»e the 
cambium ia deatroyed, no formation of wood and baat oan 
take place ; and during the activity of the oambium, frean 
garly apring until late aummer, an incomplete ring of wood 
n formed, partially growing over the injury with intent to 
heal it Before the next aeason, however, the activity 
the parasite ia renewed, and the cambium around the 
ov&feeted spot ia wioe more deatroyed, ao that again only an 
inooihplete ring of wood ia formed. In thia manner Bia 
aetiTity of Hm fungus, altamating with that of the tree, 
4e|aatH in each succeeding 'winter the attempts to rqiair 
the injury, and eventually a gaping wound is formed which, 
never hpa^ > ^ ^ 

. In. the North of England, oankered Oaks are by no 
means unotemcn. 1 have found tiiem frequently on treat 
gfumiag in ahady and damp situationa, such as the vuioua 
ehametariatio of Ais diatrie^ lor instance : Da^pdale^ 
aec^ 'Benard Castle, Bothal, Flessey, .Whittia<deli^ ami 
inrione woods en the banks of the ^ 

c, 'A .ohuee^Kis^ oankered Oak from Biding-Mill-oi*: 
7^ is ^own in Tig. 1. A great cavity ean. be cbaeml' 

6 
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ou one Bide of the tree^ and a oouBpicuous bulging out of 
the trunk on either side of it, due to the lateral estensioiu 
at the edgOH of the canker, ceu§ed by repeated attempts at 
occlusion. In the cmitre of the cavity a deed branch may 
l>e seen projecting from amidst the dead tissues. A. trans- 
verse sec'tion taken in the piano of the saw-cut in Fig. 1 is 
shown in Fig. 3. The lust eompleie ring of wood passes close 
to the base of the dead branch, where the canker-fungus 
entered. The tree would then be about twelve years old. 
It can be plainly seen that after this time no complete rings 
of wood were forme<l, and how the attempts to occlude the 
wound have caused the lateral expansions. The decay has 
gradually extended to the pith and along the edges of the 
wound. The sections taken above and below the canker 
showed the decay spreading in both directions along the 
centre of the tree. When cut down the tree appeared to be 
some thirty years old. 

These cankers occur at various heights on the stem, 
from 4 to 20 feet or more. On examination of many speci- 
mens attacked in this way, I have almost invariably found 
numerous fructificBtions of a fungus belonging to the genus 
Stermm on and around the cankered spot 

No description of a canker causeil by any species of 
Stereum having been recorded, the question arose whether 
ibis fungus was the cause ot the canker or merely a sapro- 
phyte living upon the dead tissue. This I sought to deter- 
mine by endeavouring to produce the disease by artificial 
inoculations from pure i^^ltivations of the fungus, and after 
experiments extending over fous years I have in this been 
entirely successful, and have definitely proved the parasitic 
action of the Stereum. 

Fig. 3 represents a section through the fungus ; the outer 
surface is composed of a series of club-shaped parallel cells 
(the baiidin) forming the hymenium. Some of these project 
slightly and bear spores, generally four, at the extremity of 
spike-like projections; others, which tlo not bear spor^, 
continue their growth and form the hymenium in the 
succeeding y0li^ 
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The Stereum produces numerous spores during the winter 
mouths. Those employed in the experimental cultures 
were obtained on January 7th, 1899, from a cankered Oak 
growing in Qosforth Park, near Newcastle-upon-Tyne. 

By placing a portion of the fungus face downwards in a 
sterile, covered glass-dish (petri capsule), I collected the 
spores as they ripened and fell off, free from the admixture 



Kig. 3 — PoRTio* or Hymwoitm or Stfrtmn, 

-Hymeninm of prQTiuut year. A— Buuhttm. 5-Spors. 

of spores of other fungi. These spores were sown on 
January 8th, 1899, by means of a sterile camel-hair pencil, 
upon sterile blocks of Oak, iu a number of large test-tubes 
plugged with cotton-wool. In a short time the spores had 
germinated, and the blocks of Oak became covered with a 
mycelium, eventually producing the SteTeum form. The 
germinaiioB of the spores was also observed upon nutrient 
gelatin. 



A number of seedling Oaks (3-4 jean old), grown in the 
CTollege garden, were first need for experiment, and numerous 
attempts were made to induce a canker npmi them, but 
without result Spores were sown upon the dead twigs, 
and pieces of Oak, permeated with Stereum from the pure 
cultures, were inserted like buds upon the stems. The con- 
ditions, however, were apparently unfavouruble to the growth 
of the fungus. This was not surprising in the vicinity 
of a large town, where the atmosphere is charged with 
impurities, and the situaticm very dry and wind-swept 
An attempt was therefore maile to infect the young 
branches of Oaks growing under natural conditions in a 
wood, and this time with complete success. The trees 
selected were growing near the bank of a small stream. In 
many of the young branches, tangential cuts were made of 
about an inch in length, sufficiently deep to expose the 
wood, and a small splinter of Oak permeated with a pure 
culture of the Stereum was then inserted in the cut and 
firmly bound in. Exposure in this way naturally submitted 
the cultures to the risk of contamination, but under the 
circumstances this could hardly be avoided. 

These out-door cultures were made in November, 1899, 
th^is season of the year being favourable for the growth of 
the fungus. Some of the inoculated branches were cut off 
at intervals, and brought to the laboratory for microscopic 
examination, and a series of observations were made at 
different stages of development. 

The first examination, made in May, 1900, after a 
period of six months, showed that numerous hyphts of the 
Asreum had grown from the inserted piece of Oak into the 
living tiMUes of the branch. The hyphss, rich in proto- 
pleam, could he seen passing across the lumen of the wood- 
veeeels, both in the neighbourhood of the cut and near the 
pith; hyphs could also be observed in the cortical cells 
at the edges of the incision. The amount of discolouraticu 
of the woody tissues was small, and confined chieffy to the 
'^^adoUaty rays. There was no indication at this time of 
.^IlSy'aotivity on the part of the cambium. 
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Succeeding periodic examinations enabled me to trace 
ibe further development as described below. 

During the summer an incomplete ring of wood was 
formed, together with a (^allus projecting over the edges of 
the wound. Meanwhile the Siereum remained dormant. 
On the approach of winter the Siereum resumed its active 
condition, penetrated deeper into the living tissues, as 
indicated by the brown discolouration, and growing especi- 
ally at the edges of the incision, extended into and killed 
some of the cells of the callns. In a section out from a 
specimen on the 11th of February, 1901, the discolora- 





Fio. 4. Amanov ov Yowa Caxkkbud Oak. 

Tbs clotted theding indiostes the re^on of diioolorstion dne to the sotlcm 
of the Sttrtum* The psrseite ii seen to be penetrating the onllns at A. 

tion was very pronounced, and extended in a broad sone 
from the edges of the incision deep into the wood and along 
the cambium Hue, being also particularly noticeable along 
the medullary rays. The callus covering the edges Of the 
incision, formed a prominent feature of the transverse 
section, and this, too, was locally diso<^oured« The cells 
of the callus next the wood were brown and dead, and were 
no longer in close contact with it. Hyphse were especially 
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numerous in the wood*veMel», and were alao found in the 
wood-vessela of the callus. Fig. 4 repreeeuts a section cut 
on Reptember 17th, 1901. The dotted shading indicates ihe 
region nf discolouration following the penetration of the 
Siercum. 

Tlio branches selected for inoculation were small, about 
half-an-ineh in diameter, and showing some fire to ten 
annual rings On these, os we have seen, a miniature 
canker was produced from a pure culture of the Sureum, 
A coutinuation of the same process for a number of years 
would result in the large c'ankers described on older trees. 

No fructifications of the Stermm have sn far appeared on 
the artificially produced cankers; but these have only been 
observed whra the canker has reached an advance<l stage. 

The study of naturally formed cankers indicate their 
commencement around the insertion of a dead branch. 
This observation suggested the method employed in my 
experiments, of cultivating the Sieteum upon a dead pie(*e 
of wood before intro<luction to the living branch. The 
canker was thus induced from the previous Bapn)phytic 
growth of the fungus, and it seems highly probable that it 
first starts as a saprophyte on dead branches, and after- 
wards attacks the living tissue. 

The patches of Steraim found on the cankered Oaks are 
small, irregularly shaped expansions, varying in sbse from 
<^of an inch in diameter, to | of uu inch long by ^ an inch 
wide; they are resupinate, coriaceous, and inconspicuous, 
fitting in between tlie crevices of the bark to which they 
are closely applied, and concave, with slightly raised edge. 
The colour is pale gray to pale brown, corresponding to the 
grii elair and Jmin chnr of Constantin and Dufour,* often 
with a lighter margin. The fnictificaiions do not appear 
to increase in size after the first year. A number were 
selected on June dtb, 1898, and needle points driven into 
the bark at their edges ; these were kept under close observe^ 
tion, and after eighteen months showed no enlargement. 
As the bark decays the fructifications die, and they are only 

* ^‘KoiivaUs Flora Atm duunpigiions,'* par M J roataaVin et M. L. Dofour. 



faund to be living round the edges of the ranker. Their 
life appears to be limited to two, or at most three, years^ 
and usually only two hymenial layers can be jdistinguished 
in the older specimens. 

The spores are colourless, ellipticBl with rounded ends,. 
8'6 /i X 4*'! /A when measured in water directly they had 
become detached from the basidia. The basidia themselves 
are smooth. 

In Massee’s monograph of the Telephorete* there is no 
description of a Stereum which exactly fits the specdes here 
described. The species of HUteum cited as growing upon 
the Oak are Si. fruHuhmim^ St. diu^ftymity St. ipadicenm 
and Si. htrmtum. The three latter belong to a diiferent 
section of the genus. 

In dim forme the spores, 10 ix in diumoter, or 18 /a 

X 14 /A, are very much larger than those of the cankar- 
Stereuniy and in other respects it differs greatly. 

Si. sptidimim has spores 8 ft x 6 /a the same measure* 
meuts as those of the cmkeT^Stereum, but the ehuructer oi 
turning red whm bruised found in St. xpeidteeunty together 
with the reflexed e<Ige, quite distinguish this as a 
separate species. 

St. htrmtum is very common upon felled Oak timber, in 
which it destroys the sap-wood ospeoiully, penetrating the 
duramen more slowly, and produces a whitish colour in the 
woml. It in no way resembles the form described hero, the 
mdiraceous colour of the bymenium and tho fom of the 
fructification at once distinguishing the two species 

St. fruduJomm Fr. very closely resembles the canker- 
SUreuniy but the spores are much smaller, being 4 — 5 /a 
X 3 — 3'6 subacute ends. This ilifferenco in shape 

and siise of the spores, the eiimanion colour of the 
bymenium, together with the hair-like proje<*tLon8 found on 
the basidia of fru$hiIo$unh appear to separate the two 
species. A more important differeiu*e, however, is found 
in the action of the fungus on the wootl. Hartig has 


• ” Prooaediags Lonnosn Society,” vol xxvu. 1990. 
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described St, fruftidomm ae causing the appearance teoh> 
nioally known as “ partridge wood.” It attacks the heart- 
wood, causing it to assume a brown colour with white spots 
somewhat resembling the feather of a partridge; the white 
spots eventually become cavities, so that the wood presents 
a honey-combed appearance. This parasite, as &r as 
observed, enters the host from the roots, but the possibility 
of its effecting an entrance through a dead branch is not 
denied. 

The action of the canker-zS^tercum upon the Oak is 
specially noticeable in the brown discolouration of the 
medullary rays, both in the artificial cultures and in sections 
taken from the stem, as in Fig. 2 ; but the appearance of 
“ partridge wood ” is never produced in the cankered Oak. 
The manner in which the timbm: is attacked differs 
markedly from St, fnutidommt the smoothness of the 
basidia also forms a very distinctive feature, and these, 
taken in conjunotiou with the characters enumerated above, 
incline me to consider the canker-zS^sum a new species, 
lor which I would suggest the name St, qurrenmm. 



The Gases Ekclobed in Coal and Coai. Dubt. 

By Prafemr P. Pbilup 8 BxoeoK, M.A., l>.8a 
[B«ad Febnuuy 6th» 1902.] 

Wf* are chiefly indebted for oar knowle^lge of the nature 
of the j^ascfl enclosed in coal to the i n vest i gat ions of Profesaor 
E. von Meyer and those of Mr. J. W. Thomas. The former 
of these inveetigators, whilst dealing chiefly with coals 
derived from Geririan coul-fleIds» also submitted to examina- 
tion rertnin sainples of coal obtained from the Durham and 
Xorthumberland coal formations. Von Meyer obtained the 
gases from the coal by placing weighed quantities of the coal 
in flasks which were filled entirely with water from which 
the air had been previously expelled by boiling^ closing the 
flasks with stoppers carrying a delivery tube also filled 
with water. By raising the water in the flask to boiling the 
gases wero liberated from the coal and these were col- 
lected and analysod. J. W Thoinus adopted a somewhat 
different method, weighed amounts of coal wore placed in 
glass tubes sealed off at one end and then attached to a 
Sprengol air pump, by means of which the air was com- 
pletely removed from the apparatus and in the vacuum thus 
estahlished the coal was heated by placing the tubes in a 
water bath maintained at boiling, the gases drawn off and 
collected over mercury. 

The uiialyeia of the gases obtained by these methods 
demonstrated considerable variation in the volume of gas 
obtained from equal weights of different coals, and showed 
also that these gases consist of mixtures of carbon dioxide^ 
oxygen, nitrogen, and marsh-gas; occasionally von Meyeor 
has been enabled to recognise, in addition to these, carbon 
monoxide, and ethylene, and s(»ne higher members of the 
paraffin series of hydrocarbons, of which marsh-gas is the 
first member. The following table contains results taken 
fh>m the works of Yon Meyer and of Thomas, and may serve 

6 
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to Kive some indioation of the nature of the gases enclosed in 
coal 


N»iub of Hoonii etu 

OaUo 

esnUm;^ 

la 100 Votnnae of Oaa 

tron 100 

gnmsof 

noeL 

Ouboa 

XMoxMo 

OxTBon. 

Mlttoesn lUnbOsa 

Five-QuMTter Se«ni. Winnte 
Gruigo, 74 fathoms from 
the surface 

91-2 

0-S4 

trace 

13*80 

85 80 

Low Main Seam, Winaato 
Orange, 108 fathoms m>m 
the snifsoe 

238*0 

M5 

0*19 

14-62 

8404 

'* Upper 4-Feet Vein,*’ Navi- 
gation Colliery, Aberdars 
DUtriot, 400 yards deep 
(steam) 

2501 

1 

13-21 

1 

0-49 

1 

4-66 

81*04 

“Upper 4-Feet Vein," Ay- 
fartha Ooliiery, Merthyr 
District, 180 3'ards deep 
(steam coal) 

147*4 

18*0 

1-02 

12-61 

07*47 

1 


AVTien some years ago Mr. Hall, of Hoswell, drew my 
attention to the easy inflammability of a cool dust formed in 
screening coal from the Hutton Beam at Ryhope, the exist- 
ence of gases enidosofl in the particles of the coal suggested 
itself as a possible explanation of this ready ignition of the 
coal dust on the lamps on the screens. This suggestion was 
submitted to the tost of experiment and for this purpose the 
method adopted by Thomas was, with slight modification, 
employed. Weighed quantities of dust direct from the 
screens were introduced into bottles, which were closed hj 
rubber stoppers which carried a bent glass tube for attach- 
ment to a mercury air pump of the Geisalcr type, the portion 
of the rubber stopper projecting above the bottle neck was 
carefully covered with a wax cement, so as to make it per- 
fectly gas tight After exhausting the vessel containing the 
coal dust, it was heated for several hours in a water bath 
and the gases so expelled were drawn off into the pump^ 
collected in measuring vessels and analysed. The results of 
this investigation were communicated to tlie North of Eng- 
land Institute of Mining and Mechanical Engineers and 
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published in the Ttantatiionti in 1888. These experiments 
demonstrated the existence in the coal dust of f^aees some- 
what similar in character to those obtained by von Meyer 
and Thomas from certain coals, the volume of fms obtain- 
able from 100 pframmes of coal dust when heated in v<teno at 
100® Cent, varying from 36'6 cubic centimetres and 06'3 
cubic centimetres at 0® Cent, and 7fi0 millimetres. 

The gases were found to consist of mixtures of carbon 
dioxide, oxygen, nitrogen, probably some carbon monoxide 
and of combustible gases, some of which were absorbed by 
sulphuric aedd, consisting possibly of olefiant gas, and also 
gaseous paraffin hydrocarbons ; the latter consisting appar- 
ently of mixtures of higher homologups of marsh -gas. The 
nature of these combustible giises it is, which forms the special 
interest of the result of this investigntinn, and although the 
methods of analysts do not warrant a decision as to the 
identity of the hydrocarbons entering into the composition 
of the mixture, still the evidence is sufficient to show that we 
arc not dealing alone, if at all, with marsh -gas, the normal 
constituent of fire-damp, but with higher members of tha 
same series. This conclusion is of importance as a smaller 
proportion of such gases would be needed to form an explosive 
mixture with air, and further, such mixtures would have a 
lower temperature of inftanimation than those of marsh-gas 
and air. These results, therefore, appeared to provide a 
satisfactory explanation of the influmniable character of the 
coal dust in question 

Shortly after the completion of this work the College was 
transferred to its new buildings, and I determined to submit 
the problem to a re-examination, using for the purpose more 
refined methods of analysis than it was possible to employ m 
the cramped conditions and limite<l a<*commodation afforded 
in the premises previously occupied by the College. An 
account of this second investigation was published in a paper 
read before the North of England Institute of Mining and 
Mechanical Engineers in February, 1894, and the conclusions 
arrived at are' cxinfirmatory of these contained in the first 
publication. 
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As the researches of von Hejer and of Thomas have 
shown marsh^gas to be the chief combustible constituent of 
the gases enclosed in coal, it appeared natural to conclude 
that the coal from which the dust was {reduced would also 
contain this gas, and that its absence from the gases enclosed 
in the dust is due to its low density and consequent 
ready liberation from the coal in the finely divided condition 
of dust. The absence of marsh-gas contributed very 
matenally to the easy recognition of the presence of higher 
members of the series, for the methods of analysis of such a 
mixture of hydrocarbons, so similar in composition, give 
results which afford no definite clue as to the nature of the 
individuals forming a mixture of this kind, consequently 
there is always an element of uncertainty in the interpreta- 
tion of the roBults The largei the proportion of marsh-gas 
the less able is one to decide as to the amount of another 
member of the series present, and the more guarded one must 
be in interpreting the results of analysis^ less errors of 
experimental determination figure, as a result of oalculatioii» 
in a proportion of a hydiocorbon other than methane, 
marsh-gas. In this instance the results leave no doubt as 
to the existence of higher members of the parafiin series in 
the mixed gases, the presence of marsh-gas being alone 
problematical. 

In the second mveatigatiun it was attempted to effect a 
eeparation of the hydrocarbons by beating the coal ?rt vacuo 
at different temperatures, ranging trom to 100° Cent, 
The results ot analysis of the gases extracted at different 
temperatures indicate such a separation to take place and 
that the denser gases are retained more firmly by the coal 
substancee than the lighter ones Thus if we represent the 
hydrocarbons of the marsh-gaa smes by a formula 
where n is a yhole number and for marsh-gas one, the 
analytical resulis obtained from the combustion oi the gases 
extracted at different temperatures give values for n varying 
from to 2*8, indicating the gases to be mixtures, possibly 
of ethane CaH« and propane C^H,, the proportion of the latter 
being greatest m the gases expelled at the highest tempm- 
tore, vis. 100° 0«ttt. 
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At my BUggeftion the late Mr. W. McConnell, jun., A.So., 
nndertooh, whilet holding the 1851 Royal Exhibition Scholar- 
ahip, tile further study of this question of the gases enclosed 
in coal and coal dust, restricting the inTestigation to coal, 
etc., derived from the Durham and Northumberland coed> 
fields. An account of tiie results of this investigation, which 
extended over two years, is given in a paper read before the 
North of England Institute in February, 1894. 

The validity of the explanation given above of the origin 
of the gases contsineil in the coal dust from the Hutton seam 
of the Byhope colliery was tested by McConnell, by the 
examination of the coal itself and the enrloseil gases he 
obtained from it when heated in mruo at 100*^ proved to con- 
tain combustible constituents consisting chiefly of marsh- 
gas. Further, after the enclosed gases had been removed in 
this way, the coal was crushed and again heated in mmo at 
100°, and was found to yield a further quantity of gas, the 
combustible constituents of which resembled in composition 
those obtained from tlio dust produced in screening the coal. 
Samples of coal and coal dust from the Hutton seam in two 
other collieries in the county ot Durham and one from the 
Low Main seam in the county ol Northumberland, gave 
results similar to those obtained with the coal and coal dust 
from Byhojie. Some other coals and coal dusts exnmiued by 
McConnell were found to contain enclosed gases entirely free 
frcmi combustible gases, and to consist mainly of carbon 
dioxide and nitrogen. 

The following results illustrate tiie differmices between 
the two classes of coal and coal dusts : — 

I. — 100 grammes coal give in vacua at 100°, 117 cubic 

oentimetree of gas composed as follows: — 


C»rbon dioxide .. 

VotoatM. 

Oxygen 

M 

Pmflijif 

78*0 

NitrofW (N J 

.. 19-8 




The paraffins are evidently a mixture of marsh'gas and 
ethane. 
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The dust from Bcreemng this coal yielded 31‘6 cubic centi- 
metres of gas per 100 grammes, the composition of the gas 
being the following : — 


Carbon dioxidfl (C(\) 18*06 

Oxygon (O,) . 0*86 

Paraffins (C ... ... 30*65 

Nitrogen (N,) . 00*44 


100*00 

11. — 100 gmmmes of coal gave tn vacuo at 100®, 29 cubic 
centimeireB of gae of the following oompoBition : — 


Ourbon dloxids (CX)g) 

VolumM. 

16*4 

Oxygon (0,) 

8-2 

Panffina (CuH, H 

— 

Nitrogen (N,l 

80*4 


100*0 


The dust from screening this coal yielded 42*21 (»ubic 
centimetres of gas per 100 grammee, the analysis of which 
gave the following results : — 


Carbon dioxide 

... 


Voluincft. 

10*2« 

Oxygen 


. 

8*03 

Paraffina . 

, 


— 

Nitix^en 

• • 


82*20 

100*49 


The inflammation of the coal dust observed occuHionally 
on the screens at Byhope lends support to the view that this 
ready ignition, or sensitiveness of the dust is to some extent 
attributable to the nature of the enclosed gases ; a conclusion 
to which the Austrian Fire-damp Commission arrived from 
the examination of the gases enclosed in certain kinds of 
coal dust obtained from Austrian coal-fields. 

In his investigation McConnell attempted to obtain a 
■further insight into the nature of the combustible gases 
gases enclosed in coal by extracting tiie gases from the coal 
in fractions. First removing those gases expelled from the 
coal when heated tn vneuo at 100®, and then when it had 
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ceased to yield gas at this temperature, the coal was heated 
to 180°, when a second fraction of gas was produceil, after 
the removal of which a thinl fraction was pmc'ured by heat- 
ing the coal to a still higher temperature, viz , 180® The 
coal selected for these experiments was that from the Hutton 
seam at Ryhnpe, a weighetl ciuuntiiy of which was placed 
in a tube closed at one end and sealed on to an air pump. 
This tube was surrounded by another, forming a jacket 
through which the vapours from boiling wator, amyl alcohol 
and aniline w^ere possed in turn to heat the coal to the desired 
temperatures. The analyses of the gases obtained in this 
manner show the possibility of effecting a piirtial separation 
of the combustible gases from one another, by reason of the 
differenced in their rates of effusion, whicli are dependent on 
their densities Thus, whilst the greater portion of the 
enclosed gases is liberated at 100®, the fractions obtained at 
the higher temperatures, although small in volume, contain 
combustible gases representing mixtures of paraffin other 
than marsh-gas. 

In consequence of a criticism made by Dr. llroockmann 
in Ghickauf in 1899, I determined to submit this question to 
a further investigation, but shortly after the commencement 
of this work Mr. Mr(5onnell was w'cidontally drowned whilst 
boating off the coast of Northumberland, so that T have lost 
bis friendly assistance in this work. My observations, which 
were embodied in a paper rea<l before the North of England 
Institute of Mining and Me«*hanical Engineers in August^ 
1902, have in the mam confirmed the conclusion stated above. 
The results of these experiments may be epitomised as 


follows: — 




Ko of 
Crporintal 

WotfUtbfUoaL 

Qnanom 

VolUDif of Gm p«r UO mnnntv oC OoftI 
VoliuBo of Om Arnwn off Votun* of Om 

Kl ordliuuT toapemtart 4i»wb off 

OalM oentlmotTM * OoUo oobHaitew.' 

1. 

117-0 

148 

180H)0 

n. 

110-4 

108 , 

88-80 

III. 

1129*6 

141 • 

44*80 

nr. 

67-0 

168 

170-80 

V. 

700 

MS 

110*80 


* Al<r 0«a. A9d TSO minbDctnB ol aMToaiT. 



^ MflL of 
SkporfaMDl 

^ IhiiAtloa of SxfctaoUoa. 

OnUnshr Staoi^teUDi 

I. 

6 days 

10} hoars 

11. 

27 days 

SI hoars. 

m. 

10 moQthi And 12 d«j« 

SO hoars 

rv. 

e dsys 

ISt hours 

V. 

2 dftya 

49i hoars 


The composition of the geMs, based on the average of the 
results in experiments III., IT. and T., and the volume of gaa 
as obtained from 100 grammes of coal, is as follows ; — 


L— ExTEAOTBD at ObOIHABT TBMPUUTUBS ASD at 100 ° GB!IT, 



OaUo 

OenUmeirse 

VollUM 
Ptf dent. 

VoIubw, 
Per Gent. 

Total volama 

160*00 

— 

— 

Osrbon dioxide 

7-02 

4*36 

4-ae 

Oxygen 

4*53 

2 81 

. — 

Marsh.gaa 

114*50 

71*17 

71*17 

Uthane 

10*65 

6*62 

6*62 

Nitrogen 

24*21 

... 15*05 

4*42 

Air 

— 

... — 

13*44 

11, — Extaaotsd at 

100° CSHT., 

AND InctiunsD nr Takls 1. 


Oublo 

Voliuoa 

VololM 


OenUiMtrM. 

P«rO«it 

Ptr Ont. 

Total Tolnme 

111*58 

. — 

.. — 

Carbon dioxide 

5!5 

4*62 

4*62 

Oxygen 

046 

0*41 

- 

Msrsh-gae ... 

80*64 

80*60 

80*60 

Kthane 

10*34 

9*27 

9*27 

Nitrogen 

5*74 

5*10 

8*55 

Air 

• “ 

— 

1*96 

111.— BximACTsn at ISO^ Okht. 



Oablo 

VolnoM. 

Vobmit 


OantliMtrea 

ParOeat 

FerOmt. 

Total ▼olone 

89*09 

... — 

... — 

Carbon dioxide \ .. 

0-6S 

' 1*61 

1*61 

Oxjg&n 

8*01 

7*70 

— 

Marsh-gas 

5*92 

... 15*14 

15*14 

Kthane 

7*51 

... 19*21 

... 19*21 

Nitrogen 

22*02 

... 56*84 

... 27*19 

Air ••• • 

— 

... — 

86*85 
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IV.-Bxxuont> Av 18 (r Om. 




VohnMv 

Far Out 

Tohiaw 

FtrOwt 

ToUl VolWM 

S2-01 

»•# *t* 

— 

Carbon dloxida 

M9 

6*40 

6*40 

Oxygtt 

1*22 

6*64 

* 

Mi^^gaa 

— 

— 

— 

Ethane 

7-66 

W76 

S4-76 

Phvpane 

2*91 

1»*22 ... 

16-22 

Nitrogen 

9'Oi 

il'OS ... 

20*12 

Air 

— 


26*41 

Anothm* point of 

interest was brought to light in i 


course of this investiffation, via., the fact that coal, after 
removal from the mine, not only f^ves off some of its 
“ enclosed Rases,” hut takes up the gases from the air and 
the oxygen preferentially to the nitrogen. Thus, whilst 
freshly*hewn coal placed in a vacuum gave off in tiie course 
of a few days gas of the following percentage composition : — 


Carbon dioxide (CO^) 

Vohmt^t 

1-66 

Oxygen (0|) 

*. 8*79 

Musb-ges (CH,) 

o* 44*60 

Nitrogen (N,) 

44*76 


100*00 


The gases given off from coal of the same origin, which 
had been exposed to the air in the loboratcwy for some months 
were found to have the following composition : — 

Curbon dioxids (COj) • • «•« 

Oxygra <0,) 

MMsh'gss (CH,) ... 

Kltrogsa (N,) 
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The Absoeftion of Arseni c by Babuey. 

ByS« H. CoLUMS, F.I.O 
LBeAd March 6th» 1002 J 

This investigatiou was originally designed to observe 
ill what forms and in what way arsenic was absorbed by 
plants, and what influence, if any, the supply of phosphates 
had on this absorption; but the investigation had to be 
modified during its course owing to the unexpected occur- 
rence of arsenic in the soil used. Whilst the experiment 
most, therefore, be considered in some respects a failure, 
yet many points of interest have occurred worth noting. 

A set of six 10-inch pots were used, being manured 
respectively with (1) Nothing; (2) Arsemoua acid; (3) 
Arsenic acid ; (4) Superphosphate ; (5) Superphosphate tmd 
arsenious acid ; (0) Superphosphate and arsenic acid. The 
arsenic being in all oases equal to 11 lb. of arsenic (AsgO^) 
per acre, and the supeiphosphato cciual to 170 lb. of phos- 
phoric acid (PaOe) per acre. The pots were planted with 
tares and barley, the fonner reaped green and the latter 
thinned in July ; the barley gathered in September and 
divided into (1) bottom half of straw ; (2) top half of straw ; 
(3) ears and chaff; (4) grain. Samples of soil being also 
taken after the close of the experiment. All were then 
examined by Beinsch's test, using all the crop and 100 
gnns. of soil, subliming the arsenic and comparing the 
crystals so formed with a set of standards which had been 
prepai^d from varying amounts of from nothing up to 6 
mgrms. of arsenic, treated in exactly the same way as the 
crop. 

The distribution of the arsenic in the plant was found 
to be as follows : — 

In the six oases of green stuff there were four cases 
without arsemo and two case* with aisenic, vis., 0 4 and 
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0*6 mgnn. of idiite anemo per pot In the lower half of 
straw, five oases without and one case with 0*0 mgrm. In 
the upper half of straw, five oases without and one oase with 
0*7 mgrm. 

In the thmhed ears, five cases without and one with 
0*7 mgrm. In the barley grain, all the six oases contained 
arsenic varying from 0*6 to 3 mgrm. of white arsenic per 
pot. All the six samples of soil contained arsenic (7 to 22 
parts per million), there being no particular agreement 
between the amounts artificially added and actually found. 

Averaging aU the results, the soil contained iiU lb. of 
arsenic per acre to the depth of 8 inches, the grain con* 
tained 4 os. per acre, and the rest of the plants li oe. 
per acre. 

The superphosphate did not appear to have any definite 
action. 

After these experiments were finished, another sample 
of the College garden soil was examined for arsenic and 
yielded amounts equal to 60 lbs. of white arsenic per acre 
(to 8»). 
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Note oy a Small Bould er fo und in the Later 
Glacial Deposits in a “ Wash-out near Low 
8pen, in t he D erwent V alley. 

By pBOjriflsoR O. A. Lkbocb. 

[Read May 25th, 1902.] 

The specimeu exhibited is one whinh was found by Mr. 
John Tucker, of Victoria Garesfield Colliery, and handed by 
him to Dr. Bedson, together with a note giving n very 
clear and satisfactory account of the circumstanoea of its 
occurrence. 

The stone, a sub-angular boulder of porph3nritic igneous 
rock, probably of Scottish origin, was found as it is now 
shown, embedded in a bed of fine, unctuous, highly 
laminated clay, about 100 feet beneath the surface in a pre- 
glacial valley which occupies the slack between the hill on 
which Victoria Garesfield stamls ami Bradley Fell, in the 
county of Durham, between the Dciwent and the Tyne. 
This pre-glacial valley constitutes a “ wash-out ” or erodeil 
ravine (eroded in pre-glacial times) in the Coal-measures. 
It cuts out the Bm<;kwell seam altogether, and it was in 
driving a level in that seam that the wash-out was dis- 
covered and the stone found. If this wash-out be, as is 
probable, similar to others known in tiie neighbourhood, 
the clay referred to in nil likcliboml overlies Boulder Clay 
or Till of true glacial age. This clay (which is similar in 
character to the so-called “ leafy clay lying above the 
Boulder in many parts of Newcastle, f.g., between the 
Central Station and the Mining Institute) was, it is thought, 
deposited after the final melting of the ice-sheet, and ceil- 
sists of washings of the Boulder clay, carrie<l down from the 
hills and settled in lake-like pools of the valleys which were 
more or less dammed up below the points at which it 
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Accumulated under perfectly tranquil conditioas. It is 
meat unusual for single stones — especially anovular stones 
— ^to be found in ciTcumstauces such as these, and the only 
explanation of this orcurrence which seems at all likely is 
that they may have been brou|;tht down clasped in the roots 
of trees during the lake-bursts whii^h everywhere marked 
the close of the Glacial period Stcnios brought in any 
other way would show signs of carriage— would be ice- 
worn, polished or scratched and this one is not — neither is 
it water-worn. Fossihly stones thus situated may not be so 
rare as ono thinks, but it is seldom that they are luckily 
noticed by observers capable of uuderstuuding the interest 
that attaches to thorn nr of giving go acc^urate and valuable 
a statement respecting their exact position an<I mo<1e of 
occurrence as Mr. Tucker has done in this interesting 
instance. This cose is well woHh a permanent retwd. 



81UIX Bo0ij>jcit romm in thji Latkr (Ilaoul 
Dmosm kbas Low Sfkh. 


PROCEEDINGS 


or THK 

IttiDcnitii of Piitlioin IlftUooopliicol So(ift9 

(Absthaotkd from tur Minutks). 


November 8th, 1901. 

(At Tm OoLLKOK or Soixnob, Pbofbssob Bsdson ts thi (Thais.) 

Messrs. H Oullen and B. P. Hepple were elected Members 
of the Society. 

On the motion of Proibsaor Louis, seconded by Mr. Collins, 
it was resolved * that Life Members be admitted to the Society ; 
and that the Committee be anthorisod to decide the amount of 
the life snbscription.’ 

The Secretary of the Geological Photographs Committee 
reported that during the year Mr. D. A. Woolacott had sup- 
{died the following photographs 

LoaU 

Htuabor 

18 Pmon't Rook, Sunderland (Caunon Ball Concretions). 

19 Holey Rook, Sunderland (Gaverns in Magnenan Limestone). 

20 Hendon Banks (Exposure of Boulder Clay). 

21 Fnlwell Quames {Concretionary structure in Magnesian 

Limestone) 

22 Fnlwell Qnarrlee (Raiaeil beach). 

28 Fnlwell Quarries (Raised beach). 

and that copies of these had been forwarded to the Bntisb 
AsBodationV Committee. 

The following gentlemen were elected members of the 
Geological Photographs Committee, with powm- to add to their 
number :--Pr(rfeM0r Leboor, Professor Louis, Mr Woolacott 
(Secretary). 
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Offlcen for tbe year were elected ae follows : — 
PrtaidmU: 

Thk Vxbt Rav. Thk Wabdcbt. 


VHi^Pr6KidstU$ * 

R. A. Bolam, M.D. 

PBomsoB O* A Lkbovb, M.A , M.Sa 
J, T. Mirk, PluD. 

A. fiL PsaoiVAL, M.A., M.D. 
pRorMOB SAureoK, H.A. 
pKonswoB Btboud, M.A., D.Sc. 

8€crttan€$ * 

G. Maoe (Ooll. Med.). 

R. B. Gbbio {Coll. Ho ). 

Editor qf 7*ra%m»ct%fms 
F. O. Garkktt, M.Sa. (Coll 8c.). 

Chairman qf tkf Chtmical aNd St^im 

PBorsasoR P. Phillu*8 Bboson, M.A., D.Sa 


Honorary Secretary * 

H, W, CouBisiB, B.8o. 

CAmrmcm qf ^ Bkloyieal Sectim . 
PaonEaeoB Oboboi R. Mub&at, M.A., M.B. 

Honorary Srcrttary 
M. Bbaok, B.A. 


Commdtee 

PBomsoB M. C PorraB, M.A 
PBoraBBORH. Lovu, M.A. 

S. H. Coixim, F.LC. 


A. Mxbk, M.Bo. 

W. M. Thobktoit, MBo. 
A. Mnaiox, A.60. 


Mr. W, F. Lord read a paper on * Tbe French Conquest of 
Algiers,* and contended that the position which is occupied by 
the French conquest of Algiers is this : — that it was the first 
organised attempt to break up the great Hahommedan empire 
in North Africa. It waa entered upon only three months after 
the signaiaTe of the treaty of London, by which European 
powers agreed to abstain from further territorial aoquisiiioiui 
at the expense of the Ottoman empire. It was underU^n with 
the eecret assent of Russia and in spite of marked and even 
angry remonstrance on the part of England. Designed u it 
was with the two-fold object of adding a piofitaUe colony to 
tbe empire of Frantre, and increasing the glory of the Bourbon 
dynasty, it failed in both directions. The tluone of Charles X. 
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fell ten days after the oannon announoed the fall of Algiers ; 
and the proviuoe of Algena has not paid its expenses. It was 
preceded by elaborate protests on the part of the French Cabinet. 
M. de Polignao undertook, for bis colleagues and himself, that 
the action of France should be entirely ** disinterested,” and that 
nothing should be settled as to the future government of the 
country without consulting the Sultan. In spite of which the 
country was annexed and the Sublime Porte was ignored. 
The threats of England were probably disregarded by the 
government of Charles X. as they were aware that an internal 
revolution was impending in England, at the same time that a 
demise of the Crown might bo anticipated. 


November aiat, 1901. 

OUKHIOAL AND Phy*SI0A1j SkOTIOK. 

(At thk OoujHis 09 Soimnos, PaorKssoE Bbdson in toi Orair.) 

Mr. Uarrett gave an account of the * Manufaotnre of Paraffin 
from Shale at Broxburn,’ and exhibited a number of specimens 
which had been presented by the Broxburn Oil Co., Ltd. 

Mr. S. W. Bell described the geological structure of the 
Broxburn district, and Mr Fhilipson, Mr Oollis and Uio Chair- 
man also joined 111 the discussion. 

Dr. Smytbe gave an account of some recent research lu 
Organic Chemistry. 


December 6th, 1901. 

Biological Section. 

(At ths CoiuoK or Mxoxoini, Pbofebsob Mcbbay in the Chaie.) 

Messrs. E. W. W. Boiubridge, G. A. Gilchrist and 0 . J. H. 
Stock were elected members of the Society. 

Professor Potter read * A Note on a Conker of the Oak.* 
Mr. Meek exhibited some rare marine soologioal specimens. 
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Januaty asrd, 190a. 

(At thk Ooujmb or Satiwoa, PaorviMm HAMPaox in xn Csaib.) 

On the recommendation of the Oommittee it vaa Tesolved 
to amend Bale V. by adding — ' Penoni not qualified for the 
ordinary membenhip of the Sooiety may become Aewofatea 
Auooiatea shall enjoy all the privileges of Members, except that 
they shall not be eligible to fill any oflSoe, nor shall they be 
entitled to vote.* 

Mr. Welford gave a leotnre on * Newcastle a Hundred 
Tear Ago.’ 

February 6th, 190a. 

Ohrmioal ard Phtsioal Skction. 

(At thb Colukix or ScsBKca, FBoranioa Bbdbon nr thk Obaib.) 

Messrs. M. Holohan, H. H. Simpeon, ri. P. Smith and P. 
Widdas were elected members of the Society. 

Mr. Oollins exhibited a set of speoimens from the Staoefiirt 
Potash beds, and Dr. Men gave an account of the development 
the workings. 

Professor Redsun read the first part of a paper on * The 
Gases enclosed in Coal.’ 

March 6th, 190a. 

ClaiKlCAL AMD PKTUOAI, SbCTIOV. 

(At thb Ooubob or SonuroN, PaorBssoB Bbosob nr Taa Obaul) 

Mr. Collins read a note * On the Absorption of Arsenic by 
Barley.’ 

Mr. Shilston read a papw on * The Form of Preaente and 
Onrrent Waves in the Electric Oorrent.* 

Mr. Collins showed an improved Dead-beat Beoording 
Galvanometer ; ud a new form of Begnanlt’s Hygrometer. 


May igth, 190 a. 

(At UBiviBsirr Oouaos, Da. Pnciaiaa ur thb Obaib.) 

The Bev. W. B. Adams and the Bev. W. H. Godwin were 
eleoted membeti, and Mr. E. L. GUI an aseooiate, of tha Sooiety. 



87 


The Bey. W. H. Oodwin gave ‘ Some Studies in the Abbey 
Rolls of Durham.’ 


May asth, 190a. 

OHaiUOAL AHD Phymioal MCTIoM. 

(At thb OoujKia 0* Sonurca, Pbofebbor BiciMoa m thb Ohau.) 

Professor Lebonr read a note ‘ On a Small Boulder found 
in tbe Later Glacial Depusito in a “ Wash-out and exhibited 
the stone. 

Dr. Bedson read the second part of a pui)er on * Tlie Gases 
eudosed in Goal.' 
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Mathematic s, as a Means and as ax Em 

By ProfeMor R. A. Kampsox, M.A., V H.S. 

[Keftd June 20th, 1902.] 

Of all the anpectB from which mathematics may be 
regarded that which most appeals to me looks upon it as 
a branch and a tool of philosophy. The symbols, figures 
and abstractions under which it handles, or professes to 
handle, natural objects or quantities are themselves symbols 
of the larger symbolism which is the essence of all our appre* 
hensions. It is probably tine to the very letter that 

Allot VergungUohe 
^ Iflt nur ein Oleiohnua. 

— “ All that is temporal is Iwt a symbol ’’—that is to say, 
that all our most concrete ideas— beginning, let us say, with 
the idea of colour, where the fact is demonstrable— are no 
more than models or diagrams which keep puce in some 
arbitrary fashion with realities which we are unable more 
correctly to describe. From this p<Hnt of view, just as 
players are the “ abstract and brief chronicle of our time,” 
so mathematics is an abstract and brief chronicle of 
idiilosophy. 

But mathematics is much more than a general parable 
of our view of nature. It is far the most promising engine 
of research, and almost the only fully reliable one, fox 
separating what is necessaiy from what is accidental, in any 
analysis of thought and its method ; in affording eacamples in 
which logic is incapable of furnishing any sin^e solution 
to a problem, owing to the conditions being ihemselvei 

a 
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indeterminate ; in illuatmting what is arbitrary in our 
connection of cause and effect by showing how our logical 
steps, are in many vital ways a matter of definition ; in 
showing the dangers of argument upon ideas which are 
i]l-define<l or which perhaps are impossible to define, by 
exhibiting the ulniost endless subtleties to which the full 
discussion of such simple ideas as those of number lead 
when investigated thoroughly. 

I will illustrate what I mean by a few simple examples. 
How much labour, what reams of paper and ink have been 
spent upon the task of defining the Reel, of defining apart 
from one another, two elements of our consciousness, a sub- 
jective and an obje<‘tivo, an<l this in spite of the a^lmittcd 
fact til at nothing but hypothesis can draw the line between 
them Now, if we put such a case to ourselves m mathe- 
mati(‘a1 form, it is merely an indeterminate equation, say 
^ + y 1, in which some may prefer the solution a? 0, 
y ^ 1, and some j* -= i, y = i, but there is no justifiable 
view except that we knew nothing of the parts, and only the 
same total. 

One other illustration of this matter. It is certain, I 
suppose, that whatever external objects may be, our know- 
ledge of them is fragmentary. We can only watch one 
thing at a time and meanwhile must carry forward the 
others in a way that shall fit their appearance when we next 
encounter them. In what way then do we complete these 
fragments Here again the operations of the mind in a 
simple parallel case can be followed with certainty in the 
field of mathematics. Take the case of number; here we 
have in the first instance a discontinuous or fragmentary 
system, whose gaps it is for other purposes essential to 
bridge over. How this may be done with security, what 
alternative ways there are of doing it, and what assumptions 
are thereby introduced into any particular method, is a 
study which no one who wishes to walk safely in meta- 
physic should disregard. 

I must not devote too much attentimi to a special thmiei, 
or I could give you many other examples of the way in 
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which muthematica is mahiug for pure philoaophy 
teafa and rulea which, admittiuir their uee<l for thouakads 
of years, she has never succeeded in cfHistruetinjf herself. 

I am well aware that many men, hfdh learned and 
skilled in mathematics, would inhibit as a po 3 son the 
applications of which I have spoken My own sympathies 
by no means consent to that, and besides it is no lonn^r 
possible to do so. A couple of generations ago there stalked 
abroail in mathematics several ancient and dangerous 
paradoxes, which waylaid many ingenious people and drove 
them (dean out of their wits, and frightened many more. 
These creatures have now, I believe, all been trapped and 
tamed, but this could not he done without a criticism of the 
elements But it is easy to spend too much time upon such 
mattei*s. Bedekiud himself appears to admit that life is 
too short for the discussions that ensue in proving wiili 
rigour such a theorem as 11/2 ^ Very few would 

learn the power and interest of mathematics were it not for 
the body of algorithms, varied, fertile and endless, to which 
one is introdu(*ed with the first identity of elementary 
algebra and the first proposition of Euclid, and which run on 
in all directions without end. New forms continually arising 
which simplify and include the old which thus become 
simpler as they grow more general, and, whether regarded 
for its results or its methods, produces a mass of detail which 
is justified apart both from its use and its origin in the 
spontaneous interest it evokes in eveiy mind that can under^ 
stand it. 

Long life to conic sections! May their shadow never 
grow less ! But I am afraid we are passing into a time when 
nearly all their details will be considered a luxury for the 
ferw. In his own garden, uay, in a single handful of earth, 
a man may find endless theme for study and wonder $ hut 
to-day the world feels like cme who is getting on in years 
and cannot afford the time required, Whether we want 
mathematics for its own sake or tor its uses, we have far to 
trarel, and we cannot afford to examine every flow«r, leaf 
and weed that we meet, stire idiough we may be that they 
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would repay ua. In short there appears to me to be 
imperative need in the earlier parts of mathematics to 
simplify, select and reject, so that those who come to it should 
be able to reach some central vantage ground in the readiest 
possible way, from which they can afterwards get on 
further in any direction they think fit. 

I will not attempt at the present moment to indicate how 
I think this might be done. I will only allude to one 
difficulty. Is the straight road upon which we are to travel 
rapidly and far in mathematical science to be a mere short 
outy Are we to sacrifice exact demonstration, let us say, 
in the rudiments of the calculus or the theory of ratio and 
iiicommensurnbleH, and return to geometrical or other 
demonstrations which profess to lie intuitional, but which 
involve fallacies or assumptions that are now perfectly well 
understood y I think it is now impossible to do so, even 
it it were desinible. Bigour in proof is difficult to attain 
and frequently very tedious, but to put forward a proof 
which pn)fesses what we know it cannot carry is a mere 
imposture, and cannot be tolerated. But there is a na 
media. In long proofs it not infretiuently happens that 
a great part of the effort is spent upon recondite exceptions 
of rare occurrence. It seems to me that once the nature of 
these is knowu, the wiser plan is to shut them off from 
general consideration, devoting attention to framing a state- 
ment of sufficient limitations under which we may trust 
what remains This remark has a wider bearing than 
might at first be supposed. For example, in old-fashioned 
books we used to ffnd sundry proofs of the parallelogram 
of forces, Duohayla s proof, proofs for the direction know- 
ing the magnitude, and so forth. They are so much waste 
paper. It is now admitted I think that the parallelogram 
law is essentially part of the definition of a vector, and 
that if we cannot see that part of the phenomenon of stress 
may be isolated and identified with the properties we ascribe 
to a vector, nothing can be done to prove it. Or again, 
take D'Alenbert's principle. The so-called proofs of this 
principle amount to no more than hypotheses as to the inter- 



actiona of initiiitely small particles of a body — a matter 
of which we have no experimeutul knowledge whatever. 
It is more proper to assume such a principle plainly, as a 
definitio]! of the limits of our investigation, than to pro- 
fess to deduce it, igmAum ptr xgnotiu^^ from other matters 
which have no real relevance to it. 

Mathematics at the present day is in a very unfixed 
state, as is natural when so many are engaged in under- 
pinning its foundations; and the case is complicated by 
something of a revolt by those who have to use matbematict 
in practical life against the manner in which it is taught, 
which they say is pedantic, not adapte<l for ultimate use, 
and of doubtful success as a training. In this contest my 
sympathies are entirely with the user, and I do not doubt 
he will ultimately carry the body of teachers with him. 
I am convinced that all valuable ideas may be fully stated 
and presented from an elementary point of view at a very 
early stage of study. I will give you only one illustration; 
the indispensable theory of logarithms. Var the simplest 
way of presenting logarithms is not by the theory of indices, 
but by the theory of the association of the elements of two 
sequences; and the simplest way of calculating them is 
derived from this aiul not from the theory of series; and 
both of these methods were known in the time of the 
inventor and were in fact the actual method by which 
the first tables were constructed. '' Logarithms,’' says 
Briggs, are numbers which associated with proportionals 
yield constant differences.” 

A society like our own should not make its chief aim 
originality. In the study of mathematics that could 
only bring failure. Within a much less ambitious sphere 
there is material that would be interesting and profitable to 
us all. I would commend to you specially studies intended 
to simplify or co-onlinate known branches, to present them 
under some new relation ; studies in the history of ftoioua 
mathematioal problmis, or a rescention of some sequence 
of theorems involving a great cardinal idea. It is ea^y to 
mention almost any numbet of such matters which are easily 
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acceuibU, and which are well worth telling and retelling. 
For example: the theorem that every equation has a root; 
the simple theory of functiune of a complex variable ; the 
rudiments of non-oommutative algebra; tiie existence' 
theorem of the solution of differential equations; applica- 
tions of invariants; magic squares; historical pussies 
and paradoxes; or, in the Held of applied mathematics, 
modem mechanical illustrations of electrical and magnetic 
phenomena ; elementary ideas of thermodynamics ; gp-aphical 
solutions and tests of their exactness; the foundations of 
the laws of motion ; optics and the eye ; the theory of vision 
and its interpretation ; and the number might be increased 
indefinitely. 

I will not detain you longer. 1 will only say, in con- 
clusion, that if anyone feels the power and beauty of 
mathematics, and will diligently try to apprehend and 
express in its simplest way the idea that appeals to him, 
he will be doing a work that will be profitable to bimself^ 
and an interest and stimulus to others. 
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A Note on Selenium. 

By M. HouiBAiTf B.So.. 

[Read November 2l8t. 1902 ] 

Selenium is an element very closely allied to sulphur, and 
WB find in most specimens of pyrites that part of the sulphur 
is displaced by this element. In the burners it is oxidised 
along with the sulphur, and the dioxide farmed is again re- 
duced by the sulphur dioxide to elemental selenium, which 
condenses in the flues, the dust periodically collected from the 
latter, being the chief source of tiic element. Some of the 
selenium penetrates to the chambers and it may be detected 
rn the chamber deposits, as well as in the sulphide of arsenic 
which is obtained in the purification of sulphuric acid. As 
the impure acid is used in the Leblanc pitxtess, we also find 
selenium in the deposits at the bottom of the hydrochloric 
acid cisterns. Selenium is extracted from theee various de- 
posits by the oxidation and subsequent reduction of the 
element. 

The common recipe given is to boil up the dust with 
sulphuric and nitric acids, boiling down the filtered liquid 
with hydrochloric acid and passing sulphur dioxide through 
the mixture. But the lack of detail makes this method un- 
satisfactory, and the results are very poor. What has been 
found the most profitable method consists in stirring up the 
dust to a thick paste with strong nitric acid, and heating the 
paste, until red fumes of oxides of nitrogen cease to be 
evolved in large quantity. Hydrochloric acid is then added 
and the heating continued as long as chlorine is evolved; 
excess of nitric acid is thereby destroyed, and the oxidation 
completed. The liquid is diluted and filtered, and an equal 
volume of hydrochloric acid is added to the filtrate, which is 
then boiled down on the water bath to a quarter the bulk. 
The liquid is cooled and diluted and sulphur dioxide gas is 
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passed through it, when selenium is thrown down. It is 
important that there be no large excess of nitric acid present 
aa it tends to prevent the reduction. 

As further safeftuards, however, it is advisable to dilute 
the liquid well and to keep it cool. 

The selenium deposited is a brick reil powder, which when 
heated in suspension in water darkens in colour, and floe- 
<;ulates, forming a black spongy mass, both the i‘ed and black 
varieties being different forms of the amorphous modification 
of selenium. 

AVhen either is heated, out of contact of air, it begins to 
soften a little above IfK)® C., and melts probably about 180° 
C. On allowing molten selemum to cool, there is left a black 
compact vitreous mass which seems to be a transition form 
between the amorphous and the so-oalleil “ metallic ' variety. 
This latter is formed (according to ilitschorlich) when molten 
selenium is raised to 217° and then cooled to 180°. After 
being kept for some time at that temperature, it suddenly 
becomes crystalline wdth rise of temperature. 

On beating selenium in air it burns with a blue flame, 
similar to that of sulphur, evolving white fumes of the 
dioxide which have a characteristic odoui resembling decay- 
ing horseradish. The dioxide may be prepared by burning 
selenium, but is better obtained by dissolving the element in 
nitric acid, evaporating to dryness, and subliming the 
residue, when it is obtaineil in the hum of white needle- 
shaped crystals, which are fiurly permanent in air. They ai^ 
vpiy soluble in water, and on concentrating and cooling 
the solution, selenious acid crystallises out in colourless 
prisms, which are very soon coated with a red layer of 
selenium owing to partial decompoiition in air. Selenic acid 
is obtained by oxidising selenioud" acid by means of bromine 
or chlorine. The liquid obtained on being concentrated 
very much resembles sulphuric acid. 

An interesting compound of selenium is the di-sulphide 
which is readily obtained on passing hydrogen sulphide into 
a solution containing selemum, as a bright yellow precipitate, 
which darkens considerably on drying. It is impossible td 
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obtain it abtolutoly pure, aa it always contains both free 
selenium and free sulphur. It is soluble in alkaline sulph- 
hydrates, forming an oily and highly refractive solution. 
Another compound— the di-selenide of sulphur— is obtained 
on passing seleniuretted hydrogen into a solution of a 
sulphite or sulphate. 

The selenites and selenates, resemble very much the cor- 
responding sulphites and sulphates, except in their in- 
stability. And the moat marked characteristic of the 
selenium compounds generally is their instability in air; 
for this reason it is very difficult to obtain a crystalline 
selenium compound which has not free selenium mixed with 
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On THE DECoiposiTioN OP Oxalic Acid by Bacteria. 

Rv Prof M. C. Punut, M.A. 

[Abotnut of ft Puper read Jaanary 22nd, 1203.] 

It iH well kaawn that considerable quantities of oxalic 
acid are foimed in plant tissues, as shown by the numerous 
ciystals of calcium oxalate which are found in leaves, 
especially the petiole, and also in those parts which are 
periodically cast off. The researches of Topf* and the 
author! hare also shown that oxalic acid is produced by 
certain bacteria. 

Were there no means of decomposing this calcium oxalate 
largo quantities of carbon hydrogen, oxygen and calcium 
would be locked up annually and the accumulation of this 
salt, in the course of time, would be veiy disastrous. 

The author has isolated from the soil an anaerobic 
schixomycete which is capable of decomposing oxalic acid in 
solutions of vegetable extracts such as neutral turnip broth, 
one of the products being COg. 

In the process of respiration COy is generally the end- 
pixiduct, but this is not always the case, as is shown by the 
fact that in succulents the end-product of respiration is 
largely oxalic acid. The suggestion is offered that oxalic 
acid being one of the products of respiration, when only in- 
complete oxidation is effected, the schixomycete takes up 
the respiration at the oxalic acid stage and continues the 
oxidation until the final end-product of COa is attained. 

* Topf, “OxsliKnKbildang daroh Bsktarian,’’ Berkhte d, (U¥k<^ Bet. 
GtnOuAc^, Bd. xtUL, 1200. 

t ToMer, *' On ths Prodnotimi of Oxalic Acid by Bacteria,” Pneeed^ 

the UnnereUw ^ Dwtum Phtloeophieal Boeietp, rol. L, pt. ir., lOOa 
"On a Bacterial UMasc of tbc Tninip (BirtuMea napu*)," PraeekUnQe ef the 
Saifal Society, voL hvU,, 1201. 
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The Decomposition of Chlorates 

By WiLUAM H. SoDKAU, B 8c , F I.C. 

The majority of chlorates have properties differing very 
markedly from those of potassium chlorate. Calcium 
chlorate Ca(Cl( )3)a2Ha() for example, ia an extremely 
deliquescent and i^eadtly soluble substance, whilst lead 
chlorate Pb(G103)aUs0 although not rlelitiuesi'etit, dissolves 
in one third of its weight of cold water. Jlarium chlorate 
and silver chlorate are not excessively soluble. The most 
convenient method for preparing a given chlorate is usually 
by treating the sulphate of the metal with barium chlorate^ 
but if the sulphate is insoluble in water the carbonate 
or oxide of the metal should be treate<l with chloric acid, 
prepared from barium chlorate and sulfdiuric acid. The 
materials should be very carefully purified as it is scarcely 
practicable to remove impurities from the average chlorate. 

The preparation and more obvious properties of many 
chlorates have been described by Wdchter * Some chlorates 
are extremely unstable. Manganous chlorate decomposes 
during the concentration of its solution by evaporation over 
Bulpliuric acid, and a clear solution of stannous hydroxide in 
chloric acid spontaneously exploded.! Silver chlorate may 
be decomposed in a regular manner if the beat is very care- 
fully controlled, but when a bunsen flame is applied to a 
test tube containing about a gramme of this substance, and 
having its mouth partially closed' by means of an ordinary 
one-holed rubber stopper in order to slightly restrain the hot 
gases, the chlorate fuses, begins to decompose and then (at 
about 360® C.) suddenly explodes with a yellow flash, the 
tube being chattered. When treated similarly, barium 
chlorate gives a rapid rush of gas at about 400® C., the mass 

* J. Pr. Ohm,, 1S4S, SO, 121. 

fWKditir. 
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becoming red hot. With potassium chlorate it is necessmy to 
raise the temperature well above 500^ C. in, order to obtain a 
really rapid evolution of oxygen, the fused chlorate then 
looking somewhat like a boiling liquid. The decomposition of 
a chlorate is accompanied by a considerable evolution of helat, 
which tends to raise the temperature of the mass, thereby 
increasing the rate of decomposition and consequently the 
heat production. Were it not for radiation this action 
would always be piY)gres9ive and lead to an explosion, but in 
the case of potassium chlorate (where 2KC10fl = 2KC1 + 30a 
+ 19,400 cal.) the temperature for rapid dmrmpoaitinn is so 
high that the heat evolution may be balanced by the 
nuliation, pmvided the area of suiface per unit of mass is 
fairly large, as in the small mass employed in the above 
experitnenf. As the mass is tncreaseil the relative surface, 
and consequently the loss by radiation, is decreased. One 
might therefore expect that if many tons of potassium 
chlorate were strongly heated, the temperature would rise 
very rapidly and so bring about an enormous rate of decom- 
position similar to that so easily obtained with a small 
quantity of the less stable silver chlorate. This appears to 
to have been the i^ason of the disastrous explosion of 
about 169 tons of potassium chlorate at St. Helen’s on the 
12th of May, 1899. Quite a small quantity of potassium 
chlorate will undergo fairly violent decomposition if a high 
temperature is maintained on all sides of it-. Thus a small 
bead held in a bunsen ilame by means of a looped platinum 
wire decomposes about as violently as does nitroglycerin 
under similar conditions. 

The following account of an investigation of the actual 
mechanism of the decomposition of chlorates may not appear 
strictly logical as it has been necessary to omit many details 
published in the Trania^iani of the Chemical Society.* 

PerMoraU Fomuiiton and Us jfreverUion by addUion of 
OjtidtB of Manganese, — It has been suggested that the forma- 

* Soflasa, ** Dsoomposltion of Chlorstss,** Trans. Chsm, iSoe., 1900, pagsa 
1S7-1S0 (poUMdum and barium); 1000, pages 717-725 (Isad) ; 1001, pages 
947-259 (oatoinm and niver); 1901, pagM W9-94S (suppooed “msohanuial" 
facilitation); 1902, pagea 1060- I07o (oxides of manganew sod perohlonte 
tiMory). 
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tion of potaaaium perofalorate on heatinfc the chlorate ift due 
to the breaking down of a large chlorate molecule containing 
perchlorate groups. It is, however, difficult to reconcile this 
view with the variation of the proportion of perchlorate 
according to the rapidity of the heating, and with the entire 
absence of perchlorate when decomposition takes place in 
presence of hydrochloric acid or of oxides of manganese. 
Such a view is further complicated by the observation that 
some potassium chlorate is formed when the pei'chlorate is 
heated, and by the fact that other chlomtei give very 
different proportions of perchlorate. Thus, acrtu'ding to 
Poiilitein, calcium chlorate gives only one molecule of per- 
chlorate to about 17 to 20 of chloride. The formation of 
potassium perchlorate cannot well he due to the oxidation of 
the chlorate by free oxygen, for the course of the decom- 
position does not appear to be affected by reduction of 
pressure. 

Heated potassium chlorate acts as a strong reducing agent 
towards silver oxide, mercuric oxide, and the peroxides of 
lead and baiium. It seems practically ceitain that when 
heiated alone it undergoes a self-oxidation and re<luction In 
the sense of the following equation : — 

KCIO, + 3 KCIO 3 - KCl + 3KC10, 4 (il,30O cal. 

This reaction doubtless takes place concun^ntly with the 
simple decomposition into chloride and oxygen : - 
2 KCIO 3 = 2KCI + 30a + 19,400 cal. 

These two reactions are probably independent of each 
otheor and differently affected by variations of temperature, 
etc. The numerical results indicate that the first reaction 
proceeds at from 1*6 to 205 times the rate of the second 
according to the cemditions under which decomposition takes 
place. 

In presence of oxides of manganese no perchlorate is 
formed as the decomposition into chloride and oxygen then 
takes place at a temperature far below that at which the 
“ perchlorate” reaction proceeds with an appreciable 
velocity. 

The formation of perchlorate during the decomposition of 
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other chlorates has not received much attention^ but the 
mechanism is probably the same in all oases. 

Previous workers have published equations such as 
82 KC 103 «. 8 K ("1 + 14KC104+50a to approximately ex- 
press their results, but a different equation is required for 
each set of conditions. If the decompositions of barium 
chlorate (vide next section) were to be expressed by a series 
of complex eciuations, terms such as 1,500 Ba(C10s)a would 
be required. In studying chemistry one meets with many 
cumbersome equations which convey nothing very definite 
beyond the proportions found in an analysis of the products. 
It seems very probable that in these cases, as in the decom- 
position of chlorates, the absence of any simple molecular 
ratio between the amounts of the products is due to the 
simultaneous occurrence of two or more independent re- 
actions. Perhaps some future worker may make these cases 
more intelligible by determining the nature of the in- 
dependent I'eactians and their relative velocities under 
different conditions. 

The Evofidion of Oxygen and Chlorine during Decom^ 
'postioiK — In general, one may »ay that the proportion of free 
chlninne increeaes as the base becomes weaker or as the rate of 
decomposition is Increased. Thus when potassium chlorate is 
slowly decomposed in a platinum vessel, pure oxygen is 
evolved and the final residue consists of neutral potassium 
chloride. Magnesium chlorate, on the other bond, decom- 
poaea entirely into oxide, chlorine and oxygen when rapidly 
heated, acconhng to Wdchter (loc, cit). In order to ascertain 
the mechanism of these changes the chlorates of potassium, 
banum, calcium, lead and silver have been studied. The 
experiments were conducted under pressures vaiying from 
1 mm. to 1 atmosphere, decomposition being effected in times 
vaiying from a fraction of a second to several hours according 
to the temperature employed. The relative proportions of 
oxygen, chlorine, oxide, and chloride were ascertained mainly 
by examination of the residues. To facilitate comparison 
between different ohlcHutes the total chlorine in any chlorate 

always put ^100. 
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Some exampleg of the resuItB ohtaiued are given in the 
Table, p. IIG, and their theoretical aignificanoe will now be 
diaouMe<l. 

Two theories have heen published by previous authors to 
explain why the proportion of chlorine liberatoil during the 
decomposition of chlorates by heat, should vary with the 
nature of the base and the mode of heating. H. Schulze* 
supposed the chlorate to decompose entirely into chloride ahd 
oxygen, the chlorine resulting from the action of “ nascent 
oxygen ” upon the chloride. W, Spring and Prostt on 
the contrary suggested that the chlorate decomposed 
entirely into oxide and CI3O5, the latter immediately 
breaking up into chlorine and oxygen, and more or less of 
the chlorine then reacting with the oxide to form chloride 
with liberation of more oxygen. 

Tt will be noticed that these explanations are in direct 
opposition, but m neither of the papers does there appear 
to lie evidence that the suggesteil second action actually takes 
place under* the conditions obtaining in the decomposition, 
nor does either deal with possible alternatives, of which there 
would seem to be two, namely, fl) the simultaneous forma- 
tion of both oxide and chloride us direct products, and (2) 
the simulianenus action of chlorine and oxygen upon the 
residue* fii-st produced. 

For the pui-pose of discussion, it is convenient to classify 
the different reactions which might give rise to the formation 
of oxide and chloride (evolution of chlorine and oxygen) 
during a ilecompoaition, 

{a) Chlorate giving chloride and oxygen. 

(2*) Chlorate giving oxide, chlorine, and oxygen. 

{e) Chlorate acting upon chloride with liberation of 
chlorine. 

(d) Oxygen and chloride giving chlorine and oxide, apart 
from reverse action (e). 

(e) Chlorine and oxide giving oxygen and chloride, apart 
from reverse action {d)* 

* /. Pr. <7A«i„ 18W, IL, 21, 407. 

t BuU. 8 pc. Ckim.f 1889, ilL, 1. 840. 
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(/*) Simultaaeous action of oxygen and chlorine, m in 
{d) and (f) combined. . 

litinum Chlorate and (\daum Chlorate (see Table, p. 110). 

' -Acoonling to Spring and Frost the whole of the chloride 
in the residues is formed by the action of chlorine cm the 
oxide of the metal. This action » evidently not complete 
under atmospheric pressure and, m accordance with the law 
of mass action,” would be much less so when the concentra- 
tion of the gas had been reduced by expansiou, consequently 
very much less chloride and a large amount of free chlorine 
should have been produced in decompositions under reduced 
pressui'e.* The proportions of chloride (99 '984 and 09*46 per 
cent, respectively) produced at the low pressuio Here not, 
however, less than those obtained under atmospheric prossui'o, 
hence reaction (c) <*auuot take place to any appieciable 
extent and the viens of Spring and Frost are incorrect. It 
was also found that no chlorine was displac^Ml fi*om the 
chlorides of bail urn and calcium by the action of the corres- 
ponding chlorate during its decomposition, hence reactions 
(c) {d) and {f) do not occur to any appreciable extent ; this 
excludes Schulze's theory. Schulze obtained traces of 
chlorine on heating banum chloride with potassium chlorate 
but it was found that this experiment was really a decom- 
position of the barium chlorate formed by double decom- 
position and had therefore been wrongly interpieted. From 
this process of exclusion it appears that, in addition to the 
formation of perchlorate, reactions («) and {b) aj*e the only 
ones which occur. In the case of barium chlorate these are 
(«)2Ba(C10,)a « ailaCIa + 60^ + 48,800 cal. 

(6) 2 Ba(( 7 J 03 ), = 2B80 + 2CU + 50a — 97.200 cal. 

In slow decompositions the velocity of (a) is about 1,000 
to 1,500 times that of (5), but at a higher temperature when 
the decomposition is rapid, being completed in about half 
a minute, the ratio is <Hily 140 : 1, this being presumably an 
example of the tendency of endothermic reactions to* 
relatively gain at higher temperotureii. 

* For experimental confirmatum of this eee below under load ohlorate 
and eilver ohlorate. 
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With Galeium chlorate the ratios aie about 180; 1 aad 
45: 1 pespertively. The clecompositiou of barium chlorate 
was retarded by addition of barium ehlotide and markedly 
facilitated by reduetion of pivasui*e (I'emoval of oxygen). 
This would almost seem to indicate the existence of some 
inverse action. 

Neither addition of potassium c^hlnride nor reduction of 
presBU)^ to 1 mm. hatl any marked effect upon the rate of 
decomposition of potassium chlorate whilst reduction of 
prOssm^e impeded the deeompfMition of lead chlorate — a 
rather surprising fact. 

The results with other cliloinites will be biietly sum* 
inansed. 

Chlorate. -A glance at the Table on p. IKJ 
shows that m this case the only reaction worth considering 
{in addition to the sell-oxidation to perchlorate) is the decom- 
position into chloride and oxygen, as this procceus at not leas 
than 5(),0i)0 times the rate of any reaction yielding fi-ee 
chlorine. 

Lead (Idomte presents a markwl contrast to the chlorates 
described alMwe. For eveiy molecule yielding chloride and 
oxygen during slow decomposition about seven give i)eroxide, 
chlorine and oxygen, but the liberated chlorine at once begins 
to act on tlie lead pemxide with proiluction of chloride and 
oxygen. This appears to prove that the lead is directly 
attached to oxygen in the chlorate. 

The effect of varying the pressure may be seen from the 
Table. Hy certain methcMls, deseiibed in the original paper, 
it was ascertained that the liberation of about 87'6 per cent 
of the total chlorine was the limit when secondaiy reactions 
were eliminated and that about 12 5 per rent, of the total 
possible chloride was formed directly. 

Silver Chlorate gave results even more striking than those 
just described. It will be seen from the Table that as the 
pressure was reduced from 760 mm. to 2\ mm. the free 
chlorine increased from 0'2 to 22*G per cent From a con* 
sidetration of the curve showing the relationship between 
pressure on the one hand and the ratio of chloride to oxide 
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031 the other, it appears that if the presBure above the fused 
chlorate were reduced to ssero, 36 per cent, of the chlorine 
would he obtained in the free state. Hence at least 30 per 
cent, of this chlorate is decomposed directly into oxide, 
chlorine and oxygen, but under atmospheric pressure prac- 
tically the whole of the liberated chlorine reacts with the 
oxide. 

A reference to the Btructural formula? of chlorates will 
be found on p. 117. 

The DerotapoJtUton of Puimmtm Chlorate in presenee of 
Oxides of Manganese. — The facilitating action of various sub- 
stances on the decomposition of potassium chlomte has heen 
held by some to be wholly or partially mechanical and has . 
been compared to the action of sand, etc. when thrown into 
superheated water. That such conijiarison is misleading^ 
should be clear from the fact that the decomposition of 
potassium chlorate is irrcversable. Several workers have 
shown that sme oxide, magnesia, etc., produce no facilitation 
and there would feem to be a possibility of chemical action in 
the case of every substanc^e known to facilitate the decom- 
position.* For example the oxides of manganese, iron, cobalt, 
nickel and copper cause the oxygen to be very readily 
evolved, but in each case the existence of an unstable higher 
oxide is known or mdicated. 

The author has not been able to confiim Veley's statement 
{loe. cit.) concerning barium sulphate (apparently based upon 
a single experiment) but finds that the facilitation is scarcely 
noticeable and seems fully explicable by the fact that the 
added substance is not ehemicall^ inert, there being distinct 
formation of barium chlorate, a substance which decomposes 
more readily than potassium chlorate. The more atdive 
forms of the oxides of manganese produce very striking 
effects. Thus the presence of only 1 per cent of the “ per- 

* Hie affect of adding yjurious sobataDoes to potoaaiiim oblonta has been 
dealt with m numerous papers, Bandrimcmt, J. Pharm. Chitn., 1871, !▼ » 
14, 81, 161 ; Jnngfleisohi &uL, 1871, iv., 14, 180; H. Bcbnlse, J. Pr, O'Asm., 
18^, iL, 21, 426; Hodgkinson and Lowndes, Chtm. 1888, 68, S09 ; 
1888, 68, 68 { Vsley, PkU. 7Vew*r., 1888 A, 271 ; Powler and Orant, Trtmu. 
Ohm. 8oc., 1890, 67, 272 ; and M<Leod, i6id., 1889. M, 184 ; 1894, 65, 202 ; 
1896, 69, 1015. 
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oxide *’ t>recipitated from the acetate by bromine in anihcient 
to brings about violent deoompottition of the chlorate at ^340^ 
C., although in its absence, but little change ia effected by 
prolonged heating at this temperature. 

Small quantities of potassium permanganate and free 
chlorine are formed when potassium chlorate is heeted with 
oxides of manganese. A study of the effects of variation of 
pressure was undertaken in order to ascertain whether this 
trace of chlorine was the entire ainoiint evolved or a vestige 
of a much lai'ger quantity which had taken part in some 
secondaiy reaction. 

It was not piucticable to study slow decomposition by 
determining the amount of oxide m the residue, as with pure 
chlorates, on account of the acidic pmperiies of manganese 
peroxide, nor could the chlorine b<* directly determined in 
the gas if slowly evolve<l, as the results would then have been 
vitiated by the action of the chlorine on the hot glass. It 
was therefore nccessai'y to render the latter error negligible 
by decreasing the time. A soda-glass tube of about 15 mm. 
bore, having at the lowm end a bulb of about 28 mm. 
diameter, containing 1 gramme of potassium chloiute and a 
known weight of manganese pei-oxide, was furnished with an 
indiaimbber stopper, through which passeil the stem of a 
T-piece. One end of the top of the T was connected to a 
mercurial manometer indicating the pressure under which 
the decomposition took place, whilst the other was sealed to 
the tubular stopper of the hrst of two abeoiption tubes con- 
taining H solution of neutral potassium iodide. The farther 
limb of the second absorption tube was connected to a Fleuss 
pump and an exhausted four-gallon stoneware bottle when 
the decomposition was to take place und^r reduced pressure^ 
but, for atmospheric pmsure, to a tube delivering the gas 
below a graduated cylinder inverted over water. 

In the first decompositions under reduced pressure, the 
rapid stream of gas carried much of the potassium iodide 
solution out of the absorption tubes. This difficulty was 
overcome by giving the bulbed ascending limb a mariced 
■ig-‘xag form, as shown in the accompanying figure. A cohL*^ 



paratively Boiall tube of this form will pass the full blast of 
an ordinary foot bellows with the loss of only a few small 
splashes. 

In conducting an experiment, a bath of melted pewter 
was raised until the surface was some distance above the level 
of the mixturo in the tube, and the 
pressure was then noted. After an inter- 
val, the temperature was raised until the 
decomposition became rapid, and the 
maximum pressure observed, the mano- 
meter being tapped meanwhile. In 
experiments under atmospheric pressure, 
there was but little increase Afoer 
decomposition, the tube was twice ex- 
hausted. through the potassium iodide 
solution, which was then titrated with 
iV/600 thio-sulpliute. The absorbing arrangements were suffi- 
dently efficient, as comparatively little chlorine reached the 
second tube. 

It seems doubtful whether anyone has obtained a sub- 
stance having the exact composition ^uii-ed by the formula 
MnOa, but all the oxides of manganese between MnO and 
MnOa facilitate the decomposition of potassium chlorate. It 
is stated that an intermediate oxide finally results whichever 
oxide is used. 

The expression “ manganese pi'roxide w^ill be employed 
in the sense of MnO, //MnOa, /uHaO, where n is lorg© and m 
small, as water is obstiuately retaine<l, even when the oxide 
is heated until a little oxygen has been given off. 

A vor>' active specimen of precipitated manganese 
peroxide was prepared by the action of bromine on 
juanganous acetate at about 55^ C. Its composition ap- 
proximated to that required by the formula MuO, GMnOg- 
This substance was in the form of shining black scales,^ 
80 bulky that a 1 ox. bottle held only 0 grammes. In 
preerwee of 6 per cent, of this oxide the decomposition of^ 
the potassium chlorate became violent and beymid control 
when the temperature of the bath had risen to about 340^ C. 
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and the rapid rush of gas lasted about a third of a minute. 
The average pn>i>ortions of the total chlorine obtained in the 
free state were 0*52 per cent, under atmospheric pressure 
and 0*45 per cent, under 26-44 min. Some dense manganese 
peroxide obtained by heating the nitmte hail a composition 
nearly agreeing with the formula MiiOg. It was much less 
active than the precipitated peroxide and it was nccessaiy to 
add 20 per cent, in order to ivndily obtain rapid decom- 
position of the chlorate. The rush of gas took place when the 
bath attained a temperature of about 360® C. and lasted about 
half a minute. The results wero more re^lar than those 
obtained with the piwipitated peroxide and the proportions 
of free chlorine were identical under atmospheric and i*e- 
duced pressure, vis., 0*31 per cent of the total. It will thus 
ap|>ear that r<*duction of pressuiv did not give the slightest 
increase in the propoition of free chlorine. 

7’Ac yatitre of thi> Cycle of Chmge^. — As the oxides of 
manganese can be recovered from the residue and used over 
again any explanation of their action must be of the nature 
of a cycle of changes, and with only three elements in 
addition to manganese all possibilities would seem to be 
inrludod in one or other of the following thrw clasM^s: — 

(1) Cycles in which the fomation of a compound con- 
taining inanguucse and iMtasmim is included. 

(2) Cycles in which the formation of a compound con- 
taining manganese and-rWor//ic is included. 

(3) Cycles continod to alternate oxidation and de- 
oxidation. 

As an example of class (1), we may take the theory 
usually given in text-tooks (McLeod), it being suggested 
that permanganate, chlorine and oxygen are first formed, 
2KC103 + 2Mn()a ^ 2KMn04 + Cla+ O^, the permanganate 
then breaks up approximately in accordance with the eiiuav 
tion 2KMn04 = KflMn04 + Mn03 + 0a, and nearly all the 
chlorine rActs'with the mangauate, KaMn04 + Cl,*i2KCl + 
MnOa+Og. The experiments of McLeod and others tend 
to indicate that a trace of permanganate is formed, and that 
all these reactions may occur during a decomposition, but 
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the author is not awai*e of anycme having attempted to ihow 
that these changes do actually occur to any considerahle 
extent. It is easy to devise similar cycles in which the first 
reacticHL produces manganate or manganite instead of per- 
manganate. 

If the breaking up of the chlorate be due to a cycle of 
this class, the whole of the chlorine must be progressively 
liberated and all except a trace must be reabsorbed. 

To illustrate class (2), suppose the very unstable 
manganous chlorate were formed, this would immediately 
break up, yielding much free chlorine,* and any resulting 
manganous chloride would at once be violently converted 
into peroxide by the action of the heateil chlOTate.f Here 
again, the whole of the chlorine would be liberated, but 
reabsorption might be brought about by the potassium 
oxide first formed. It seems unlikely that there should be 
any marked formation of manganous chlorate, for it has been 
repeatedly shown that neither magnesia nor xinc oxide 
produces any appreciable aecelei*ation in the reaction, al- 
though both are far more basic than the oxides of manganese. 

It will be seen that cycles belonging to class (*\) are the 
only ones which do not involve the setting free of the whole 
of the chlorine contained in the chlorate, coupled with an 
almost complete reabsorption. 

In the preceding sections it has been shown (as may 
he seen from the Table, p. 110) that with the chlorates 
of (potassium) barium and calcium, reduction of piessuie 
causes no increase in the proportion of free chlorine, but in 
the decomposition of lead chlorate and of silver chlorate, 
where there is a secondaiy reaction removing free chlorine 
from the gaseous products, reduction of pressures results in 
a large additional quantity of chlorine remaining in the free 
state, an example of the well-known effect of decrease of 
the concentration (or pressure) of a gas which is reacting with 
a solid or liquid. Had the presence of oxides of manganese 
xeeulted in the intermediate liberation of the whole of the 

* Wttohter, /. iV, Oh€m,i IMS, 80, 826. 

t H. Sohnlse ; M'l^sod, 18S9, ioe, oU, 
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chlorine in the potasaium chlorate (as required by cycles 
of classes 1 and 2), the behaviour of the mixture should in 
this respect have been comparable with that of silver chlorate. 
On the contrary, however, reduction of pressure did not 
produce the slightest increase in the amount of chlorine 
remaining free, or, in other woids, the production of chloride 
proceeded to the same extent. There is therefore no 
secondary reaction removing liberated chlorine and cycles of 
classes (1) and (2) are excluded, the changes being limited to 
oxidation and deoxidation 

The action of one or mom of the acidic oxides MnOg^ 
MnOa or MugOf on iiotassium chlorate scema to account 
sufficiently for the production of the trace of chlorine, but 
there is, in addition, the bare possibility of the formation 
of tracee of chlorate or chloride of manganese from which 
chlorine would Im^ mpidly expelled. 

Nature of the Subfdame which actually causes the 
FacUiiatwn,- It seems unlikely that the manganese com- 
pound, acting aa an ** oxygen-cainer,*’ should contain 
chlorine, on account of the smallness of the proportion of free 
chlorine and the remliness with which chlorine is evolved 
from chlorate or chloride of manganese. As the amount of 
liberated chlorine in the gas is so small, only traces of any 
compound containing potassium and manganese can be 
present under ordinary conditions, hut much more would be 
formed on adding a little potassium carbonate, which, how- 
ever, greatly retaids decomposition,* or by replacing 
manganese peroxide by potassium permanganate, but this is 
actually much less active ;t it therefore seems certain that 
the substance taking part in the cycle is not a potassium 
compound. 

By this process of exclusion, it would appear that the 
actual oxygen-carriers must be the oxides of manganese. 
This h^ing so, addition of an alkali would be expected to 
produce a retardation by converting the most active particles 
into manganatew The evidence at present available appean 

* Jungfleisd)^; M*Leod, 1889, loe, tU, 

t Bsodrinwmt ; M'Lsod, 1889, (ce. ciu 
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to affoid only an indication of the probable bmita between 
which oxidation and deoxidation proceed lunf^eiaoh (he 
cii) and others regard the production of the trace of pei- 
manganate as indicating the formation of Mn^Oy but in 
oulei to eatablisli bu( h a view it must be shown that the com- 
bination with potassium does not precede the oxidation 
Oxideh of manganese markedly facilitate the decoin- 
]>o9ition of othei chloiates for example those of batium and 
calcium ihe mechanism of these actions is piobably similar 
to that deeiiibed above but the author has not made any 
detailed m\eHtigation of these easps 
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t 
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( 
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67 
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1 
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22 6 
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1 about 0 8 

1 atm 
^5 44 mm 

99 48 
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0 2 
045 

ml 

— 

MnO. 1 
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with 20 per 

about 0 5 

1 atm 

99 09 

0 31 

— 


oent MnO 
from nitrate 

26 45mm 

99 69 

0 31 

ml 




* Ibtt n laban li thli uSvnui tn hitaodtd onlj m » raagn IndloBtkm pf Um nU %% vUofa 
th« dMoaposlUen wvt ca duoM Tbtv »ir rd au iiidio»tloa oi wmm oi d— oatwy H lon 

InMoMnrwtmtntaioaMaintOlilomWiaMiUovvd toMMUmnMteon oMd rullarfailonM 
ttaninUbrfowidl&UMparm quoted on p IM 
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Phincipvl CoircLitKioNs. (See sIbo Table above.) 

A.- -Decomposition of CtUornies whm Heated Alone ^ — Of 
the six react iona (p. 107) which might give rise to the 
evolution of chlorine and oixygen, only three have been found 
to actually occur. Direct decomposition into chloride and 
oxygen occurs in the case of the chlorate^ of potassium^ 
barium, calcium, leeal (and stiver ?), whilst decomposition 
into oxide, chlorine, and oxygen definitely occurs with 
baiium, calcium, lecul and silver; in the cuae of lead and 
silver, much of the chlorine reacts with the oxide, giving 
chloride and oxygen. No evitlence erf the expulsion of 
chlorine from ohlonde has yet heen obtained, and it does not 
take place with potassium, barium, calcium, lead and silver. 
The direct formation of both oxide and chloride does not 
necessarily imply that the chlorine) is labile, or attached to 
the metal (isochlorate) in some molecules at the temperature 
of decomposition ; both det'otiipositions may be illustrated 
as under, using the ordinary general formula MOPlOj, where 
M is a tnonatoniic metal - 

. . Moaoa , , ,Moao, 

"‘“‘I 

The fact of chlorine l>eing split oft and then immediately 
acting on the residual metallic oxide seems to fairly satis- 
factorily prove that the metal in leiul chlorate and silver 
chlorate is directly attached to oxygen at the temijerature of 
decomposition. 

When potassium chlorate is heate<l by itself, perchlorate 
is formctl by self -oxidation, a process not cssetUialli/^cGa-- 
nected with the evolution of oxygen. It seems highly 
probable that a similar a<*tion occui*fl whenever a per- 
chlorate is formed during the decomposition of a chlorate. 

In the gcmcral case of Ih© decomposition of a chlorate 
MCIO3, there are therefore four reactions, vie. : — 

(a) 2MC10a = 2M01-t-30^ 

(b) 2MC10, = M,0,+ Cla + 20, or 2MC10,= M,0 + Cl, + 

2*0^* 

(c) M,0, + Cl, = 2MCI + U, or M,0 +C1, = 2MC1 + 

(d) MClO, •+ 3MC10, = MCI + 3MC10,. 

* For oonvenlencs <rf oomparlBOO thSM two eq[iUitioiis have not been 
doubled. 
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Reactions (a), (6) and {d) are independent of each other, 
but (tf) ttecessarily depends partly upon (ft); the relative 
velocities vary greatly according to the strength of the base, 
and are also affected by temperature (notably with barium 
chlorate where (a) and (ft) are thermally oppouie in sign) ; 
reaction (c) is affected also by variations of pressure, or by the 
presence of an inert gas. 

The above theory appears to be the only one which will 
accord with all the facts with which the author has become 
acquainted during a fairly e:irten8ive search of the hteiature 
of chlorates, as well as with the whole of the prosent in- 
vestigation. 

The average relative velocities of the four reactions are 
given below. 


OUontUof— 

PotaiMluilL 

Barium 

OUcInm 

L«h1 

Hllrer 

8lmo tUcomponl$mi, 

(а) Chloride and 0 

(б) Cl and 0 
(r) Cl acting 

(d) Perchlorate 

unit 

CO-00002 
improbable 
1-2 2-W 

unit 

0-0008 

negli^ble 

unit 

0*006 

negh^le 

unit 

7 

high 
very low 

unit 
: 0 56 
very high 

Rapid ikeompMihm 
(£) Oxtde, Cl aud 0 

1 

0*007 

002 

>7(?) 

1 


B.--Poiasnum CUorate tn preteme of Osides of 
_^Mangafiese. 

(1) The facilitating action of the oxides of manganese is 
due to the formation of a higher oxide of manganese by the 
oxidising action of the heated chlorate and the subsequent 
breaking up of the higher oxide. 

Tho first action may be represented by the equation 

5 KCIO, + MnO„ = 5 kCI + MnO„+„* 
and the second stage by 2800^^-. = 2MoO. -1- nOj 
Of gKClO, + MnO„+, = MnO« 4 | KQ + nO, 

* Where m and » are not noomsarily whole numbers. 
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according as the unstable higher oxide has or has not the 
power of reducing potassium chlorate by virtue of the greater 
stability of molecular oxygen and the lower oxide. 

The limits between which these chanffps occur have not 
yet been determined, and the production of traces of 
potassium permanganate does not establish the formation of 
Mn^Of. The manganese compounds which actually cause 
the fm'ilitatioo do not appear to contain either potassium 
or chlorine. 

(2) The liberation of a little chlorine is not an essential 
part of the cycle of changes bringing about the facilitation. 
It seems to be amply accounteil for by the action of HnO,, 
MnO,, or MujOt on potassium chlorate or chloride with the 
additional hare possibility of the formation ot traces of the 
chlorate or chloride of manganese. 

(3) The supposed ability of chemically inert solid par* 
tides to facilitate the decomposition of potassium chlorate 
does not appear to be supported by any experimental 
evidence, and if existing is inade(]uate to explain even a 
small fraction of the great facilitation produced by oxides 
of manganese, iron, cobalt, nickel, and copper. 

(4) Addition of manganese peroxide prevents the pro- 
duction of perchlorate by bringing about the decomposition 
into cliloridc and oxygen at a teniperatiue much below that 
at which self-oxidation of the chlorate proceeds at an ap- 
preciable rate. 
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The Geoi^icae History of the Tyne, Wear 
A xu Associated Streams. 

By 1>, Woot*AOorr, M.Sc 
[Read March Hth, imj 

It is aow genei'ally admiti^ that tlie rivers uf any district 
have in the majority of cases passed tbroufl^h several stages of 
growth and development.* It is my purpose in this paper 
to trace as far us possible the development of the Tyne and 
Wear, and the smaller streams associated with them. 

The Pennine chain, (consisting of a faulted anticlinal 
of C'arboniferoua rot'ks, forms the most important feature in 
the (liainage system of NoHhumbf^rland and Durham. 
This range, t4>gether with the Cheviots, has piobably been 
exjiosed since IVnniau limes, and hence the determining 
features of the head waters of the North and South Tyne, 
the Wear ond the Tees were in all probability fonned during 
the Mesozoic ages. It would seem m if the uprise of the 
Ponnines had been accentuated in the Crossfell area, and 
hence the Tees, Weai' and South IVne all rise in that district, 
having been developed from a centre. An interesting point 
worthy of discussion in this connection is the origin of the 
so-called Tyne gap, which is a valley cutting across the 
PonnincH at a level of less than 500 feet. The railway from 
Newcastle to (Wlisle runs through this gap. Mackinder in 
his Britain ami the Bntuh Beas sugg^ts that the source 
of the Tyno once lay in the region of the Solway Firth, and 
that the Nith and the Annan were its former head wat6rs.t 
The Eden, which is a river of later development cut out 
in the soft and unresisting New Bed deposits, has caught up 
these head waters. The proof of such a suggestion is hftrdly 

• IntrodHoUam to O^ological //iueory i^SaM by 9* R. 

Cowper Reed. 

t Britain amd Ue JMiMi Bom, by H. J, Maoldiider, pftgw W tod 126^ 
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posHible, yet it oflen a very feasible explanation of the facts. 
It may be, however, that this gap is due to a former tributary 
of the 'Pyne occupying the Irthing valley, now a confluent of 
the Eden, but which has been proved to have been, even in 
post-glarial times, a tributary of the Tyne,* The South 
Tyne, a dip stream flowing from the Crossfell area, would be 
tributary to this easterly flowing stream. The Tyne, which 
flows in the easterly continuation of this gap, is from Halt- 
whistle to near Hexham a strike stream. 

The Permian rocks were in all probability deposited 
over a large portion of the east and south of Northumber- 
land and Durham, but the limits of their deposition is hardly 
possible of determination, and still more difficult is it to 
determine the limits of deposition of the secondary rocks 
over this area. Jukes-Browne in his Building of the 
British Isles discusses this thoroughly, and as it. is im- 
possible to enter more fully into it in this paper, the reader 
is refeiTed to this work for the discussion of this portion of 
the subject. Cowper Heed in his Gcologtad History of the 
Riven of Ead Yorkshire also discusses this subject. 

In the north-eastern counties of England probably the 
most extensive of all the secondary formatiems was the Upper 
Chalk, which was, according to some authors, deposited in 
Yorkshire at any rate, right up to the foot of the Pennines, 
and thus we are probably right in asserting that the greater 
portion of the south and cast of Northumberland and Dur- 
ham was under water at this time. Denudation was pro- 
bably still proceeding on the Pennines, and the rivers of 
the first cycle, which had been developed during the interval 
between the Penman and the Cretaceous, may have been to 
a certain extent betrunked. 

It will, however, be clear that of this first cycle of 
river development very little trace can be left, except that the 
heads of the main valleys may have been to a certain extent 
deteimined ; and in the second cycle these already existing 
valleys became again the natural waterways, and were cut 
deeper as the rivers received new life due to the post- 
Cretaceous uplift. 

* ProfsMor Leboor'S CMogy and Durham. 
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This uplift occurred after the deposition of the Upper 
ChaJk, and made Britain throughout Tertiary times more or 
less a pait of the European continent and the greater part 
of the area now occupied by the North ^ea dry land.* 
The upward movement was greater towards the west, and 
hence the land sloped from the Pennmes gently towards the 
east) corresponding i-oughly with the dip of the beds. A new 
era in the development of the rivers of the north-eastern 
counties would begin and a system of dip and subsequent 
streams would be started, which would be the direct ancestors 
of the present ones. This is the second important cycle in 
the development of the rivers ol Northumberland and Dur- 
ham. The constructional shoi'e-line probably lay far to the 
east of the present east coast of England, and indeed at one 
time the rivers flowing down the east slope of the Pennines 
may all have been tributaries of a major one flowing down 
the east of the North Sea ai'ea. Most of the smaller streams 
developed during this epoch have been totally obliterated 
by their valleys being filled with drift during the glacial 
period, and also many of the larger streams have hml their 
courses changed; but we shall discuss this interesting sub- 
ject later. 

Cow per Reed has been 'able to tiuce out many minor 
changes in the development of the rivers of Yorkshire during 
Tertiary* times, but of such changes in the district under 
our notice nothing can be asserted. 

In the Gaiioiilcal History of the Rivers of East Yori^ 
shtre the same writer shows that the Wear was possibl;)* 
a tributary of the Tees, and this would probably be so^ 
because at one time the Wear would be throughout its course 
a dip stream, and hence may have flowed over the 
Carbon ifci-ouB and Permian outcrops, and thus may have 
been tributary to the Tees. The Wear was^ however, probably 
beheaded by a subsequent of the Tyne which had been de- 
veloped along the edge of the outcrop of thp Permian rooks 
from the Tyne south-eastwards. In this way, the Creadon 

ft 

• IfUrofluetion to Geological Historg qf Rirers ^ Ea/tt Yorkshire^ by P. JSU 
Covper Reed, psge 28. 
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valley inny have been begun* but alterw arils the Wear was 
cut off by a tributary of the Tyne, whibl had been 
gradually cut book along the line of the pi'eaent Team valley. 
This valley, now known as the Wash, is filled with superficial 
glacial and post-glacial depobits. It waa most minutely 
deecribod by Messrs. Wooil and Boyd in the Trnvmrtwns 
of the North of England Institute of Mining and Mechanical 
Engineers (vol. xiii.). The Cleadon valley was probably 
still further deepened by a small tributary of the Tyne before 
glacial times, and hence immediately before the glacial 
period the Wear pmbably flowed down the “Wash,” and a 
small tributary of the pre-glacial Tyne down the ('leadon 
valley. It seems to mo that in this manner wo (*an account 
for the {»eculiarities of the pro-glacial valleys discussed in a 
paper publishotl in a former volume of these Traamdions.'f 

The Tees, which in Tertiary times flowwl through the 
Cleveland dishict right across the Oolitic and Liassic out- 
ciops m the line of the Leven and the Esk, may also have 
been captured by a subsequent, w’hich had workcNl back along 
the Tiiussic outcrop, J siruilar and loughly parallel to the one 
that had iliverted the Wear along tho outciup of the 
Magnesian Limestone. 

The next cycle in the development of the rivers of 
Northumberland and Durham commences with the passing 
away of the Ice Age. The ice tilled up their valfeys and 
cheeked thoir development; and after its disuppeaiancc all 
tho lower parts of tho pre-glacial valleys wen* filled up with 
deposits of boulder clay, sand and gravel. The lec itseli had 
probably done little oi no erosion, and except that it had 
polished and roundeil oi! the sides of the valleys, it had had 
little or no oflEtet in altering their course. In many of the 
valleys such as the East and West Allen, the Devil s Water 
and the Derwen^ glacier lakes had been formed, and the over- 

* “On Bonld^r Glny, Edited Beaches and Assooisted Fhenormemb m 
the But of Darhun,*’ Vromf/t/ig# qf tfu Uwwmfw of J}Hrfum PhUo&ophical 
Soeift^, vol, i., p. 347.^ 

ilbid. 

t IntroiUtetioH to (ho^fgical JlUtor^ <if /fiw Sant Yorh^Wn, by F. R. 
Cowper Keed, page 61. 
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How cbaimt'la of many of them, although now quite dry, can 
he distinctly traced. Thoae have been thoroughly discussed by 
Captain IJ worry house m the Quarterly Journal of the 
Qeiilogieal Society.* I hove lately boon over the Devil’s 
Water and Ueldon 13urn district and I am in agi'eement with 
C’aptain Dworryhouse’s mtorpretatiou of the facts. 

When the glacial period was over, the larger valleys were 
paiily filled with dnlt and many of ihe smaller ones were 
totally oblitei ated. Tlie course of the 8ti*eam8 that formed on 
this newly -fenmed land suiface was therefore in many cases 
totally different from that of the pre-glacial ones. The sur- 
face on which the rners of this third cycle developed was 
composed of luck and boulder clay and m many cases the 
river has prefeiTed to cut its way through rock rather than 
boulder clay. The changes that took place in the course of 
the riveis were thus voiy gi'eat, and m many cases entirely 
now valleys were cut. 

Tlie Weal has devohqied almost entirely through rock a 
new course from Durham to Sunderland since glacial times, 
while the Team now ftous nn the old pre-glacial Wear 
valley over a thick senes of superficial deposits. The Don 
flows over boulder clay into the Tyne at arrow Slake. The 
Tyuo also, although flowing in the general eoui*se of the 
pre-glacial valley, has changed its coui'se considerably, aa 
can be i^ily proved by a eonaideratiou of the borings and 
sinkings m the coui'se of it. This can l>e clearly socil in the 
accompanying map and section. A pro-glacial valley also 
entero the Tyne valley from the north near Newcastle. The 
Ouseburn now flows roughly in the course of this old valley. 

Map or Tvaa Vaijjiy fboh NawBVBK to m Mocru, suowibu tkiBiKos 

IM ITS COURSK. 
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Seotion IS through Gosl measnns (1) and Permian (3) 


To tho nortli ihe Blyth and Wansbeck, and the othei 
straemB are all post-glacial and have out new courses largely 
thioagh rock since the glacial penod A pre-glac lal valient 
which we shall call the Sleekbam valley, runs down 
between the Blyth and the Wanabeok Ihe mi^ of theie 
two valleys, showing the two nven and the pnncipal borings, 
brings out clearly the idation of the pre«glacial and the poat- 
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firlacial valleys. Nothing can give a better idea of the 
amount of denudation that has gone on since the pasaage 
of the glacial period than a walk down the Wansbeck from 
Morpeth to ita mouth. The straight-cut deep valley bears 
evidence of rapid denudation due to stream action, and is 
post-glacial. 



Map of Wai^sbkoji Aim Blyth Vau.k^'s, bhowwg Boukgb 

IN TIIBIR CorasB. 
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The land probably after the clone of the glacial period 
stood much higher than at present, and therefore the deTelop- 
ment of the riven would be to a certain extent checked 
by the period of submergence indicated by the raised beaches 
of the district. It was probably during this period that the 
surface of the boulder clay in the east of Northumberland 
was made so even and flat, and all traces of the original ridge* 
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Notes ox Durham Colleoe Founded by 
Oliv er Cr omwell. 

By TUB Vkbv Rev. O W. Kitchix, D.D. 

[Ketd May Mth. IMR] 

In August, 1(J40, Bishop Morton withdrew juto York- 
shire and An*hdeu<M>n Beloanquel flod iu gn'ut haste, as did 
also “ all the i*est of the clergy of Uurbum ; ” the Scots 
employed men to receive their ront<4, ior the use of their 
army. 

From this time the precincts of the Catheilral lay waste 
till lti67. Bishop Moitou*s whole revenues were taken by 
the Parliament in 104(1, and a pension of £800 a year was 
given to him. Of the properties sold in 1647 
Sir Arthur Hazelrigge bought four*—, 

1 B d. 

Bishop Auckland Manor (),1(U 8 Hi 

Bishop Middlehani ifanor 3,^106 6 6J 

Easiugwood Manor 6, 8*33 7 9 

Wolsingham Manor 6,764 14 4 

£24,006 17 7 

The chief documents wlating to this College are the 
following : 

1, — A petition to Parliament, 7tli May, 1660. This was 
delivered by the Grand Jury at the gaol-delivery to the 
High Sheriff, James Clavering, Esq. 

Peamxg — That a re-establiehment of Courts of Justice 
might be had : 

And that the College and houses of the Dean and Chapter, 
then empty and going to decay, might be employed fw 
erecting a college, school or academy, for the benefit of 
the Northern Counties, which were so far distant from 
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the univprsitiea ; aud that part ot the lands of the said Dean 
and Chapter near the City might be applied by Trustees to 
« pious usages. 

2. — A (Committee of the House followed ; it reported 
favourably. 

8. — Then came Oliver Cromweirs letter to Speaker 
Lenthalb dated Edinburgh, 11th March, 1861 (a document 
said to be in custody of the Dean and Chapter, but now not 
to bo found) : - - 

To Sfeaksk Lekthaul. 

“ Emxnt^aGii, 

Ilf A March, 1061. 

“ SiK, 

“ Having leceived information from the Mayor and 
citisens of Durham, and some gentlemen of the Northern 
Countiefl, that upon their petition to the Parliament, that 
the houses of the late Dean and Chapter in the city of 
Durham might be converted into a college or 8ch<H>l of 
literature,” the Parliament was pleased in May last to refer 
the same to the Committee for Removing Obstructions in the 
sale of Dean and Chapter lands, "to consider thereon, and 
to report their opinion therein to the House,* which said 
Committee, as I am also informed, have so far approved 
thereof that ttey are of an opinion that the said Houses will 
be a fit place to erect a college or school for all the sciences 
and literature, and that it will be a pious and laudable work 
and of great use to the Northern parts ; and have ordered Sir 
Arthur Hazelrigg to make report thereof to the House 
accordingly, and the said citbsens and gentlemen having 
made some address to me to contribute my assistance to them 
therein : — 

“ To which, in so good and pious a work, I could not 
but willingly and heartily concur. And not knowing where- 
in 1 might better serve them or answer their desires, than 
by recommending the same to the Parliament by, Sir, your- 
self iheir speakei^I do therefore make it my humble and 
earnest request that the House may be moved, as speedily 
as conveniently may be, to hear the Report of the said 
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Committee concerning the said buaiueas, from 8ir Arthur 
Hazelrigg; so that the House, taking the same into con- 
sideration, may do therein what shall seem meet for the 
good of those pf>or counties. 

“ Truly it seems to me a matter of great concernment 
and importance ; as that which, the blessing of God, 
may much conduce to the promoting of learning and piety 
in those poor, rude and ignorant parts ; —there being also 
many concurring advantages to this place, as pleasantness 
and aptnees of situation, healthful air, and plenty of pro- 
visions, which seem to favour and plead for their desires 
therein. Aud besides the good, us obvious to us, which 
those Northern Counties may reap thereby, who knows but 
the setting on foot this work at this time, may suit with 
God’s present dispensations ; and may — if due care and eir- 
cumspectinii be used in the right constituting and conying 
on the same, — tend to, and by the blessing of Qod produce, 
such happy and glorious fruits ns are scarce thought on or 
foreseen ! 

“ Sir, not doubting of your readiness and zeal to promote 
so good and public a work, I crave pardon for this bold- 
ness ; aud rest 

“ Your most humble servant, 

“Oltvkk Cromwbix.” 

Parliament tot>k it iu hand im the 18th June, W61. But 
it had in the end to wait till lUiver l^romwell became Lord 
Protector, some seven years later, when, as Carlyle, writ- 
ing iu 1846, says in his way, the Protector “ actually began 
giving lessons on human grammar, human geography, 
geometry, and other divine knowledge to the vacant human 
mind- -in those once sleepy edifices, dark heretofore, or 
illuminated mainly by Dr. Cosines papistical waxlights or 
the like; and so coutinucMl, in spite of opposition, till the 
Blessed Restoration put a stop to it, and to some other 
things. In late years there is again some kind of Ihirhaiiti 
College giving lessons — I hope with good success.*’ 

This letter VAs strongly backed by the people in 1362 and 
1663 (signed among othen by Wm. Wharton, Cuthbert 
Bayne and J. Joplin). 
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For, as Mr. Mnvley says,* when speaking of Durham 
College, Cromwell hud compass of mmd enough to realise 
the duty of a state of learning, but the promotion of religion 
was always his commanding interest.” 

4. — The Grand dury of Durham sent in the following 
paper, dated 14th Januar^^ 1661-2:— 

"" The Humble desires and repreeentacion of the gentle- 
men, freeholders and inhabitants of the Countie and city 
of Durham .... 


" SuRWETiT- -That your peticioners doe with all humility 
and thankfulness acknowledge your honom^'s pious core to 
the publitiue unci especdal favours and respect towards your 
petic»ioncrg in your lute eonc»essi(His for founding of a 
col ledge at Durham, and in granting the eolledge of the 
lute Deane and prebendea houses there to that purpose, 
were amidst the great and weighty affairs of the Common- 
wealth, and for the better eneounigemeut of men of piety 
and good parts, and support of those not able to muintaine 
them»elve8---J|IKatir peticioners to manyfest their desires to 
promote soar laudable a worke with least change to the 
Commo|]^iqr^lth did by their former representacion fnim the 
last asi^ea holdeii at Durham in August, ItiSO, humbly 
crave, that a competent revenue in lands might be granted 
to the said use, in coii^iideration of a debt of £25,66**1 13s. lOd. 
reniainmg yet due to this county and city since November, 
IMl, by Older of this honouiable house hereunto annexed, 
and that it may the better appeare to be a worke so pious, 
laudable and coiwenient for this t’timmon wealth, especially 
the uortherne countyes — ^your peticioners doe with all 
humility offer t<\con8ideracuou the reasons hereunto annexed, 
and doe again d^ire 

That this gi*eai court would be pleased to grant some 
competent reventjie in lands for founding of the said eolledge, 
and tho said del>t to be allowed in the purchase thereof, 
without doubling of the same; and to appoint some com- 
petent number of wort^ie and faithful gentlemen of the said 


« 


cl 


ver CromwtUj p. 429. 
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county ani] city that may be Commissioners for formeing 
and establishing the said colledge with such locall statute 
and good orders, os may most conduce to the accomplislimeni 
of those honorable ends of advanceiug piety and learning 
intended by your honours, And it will be a lasting 
monumont of your pious care to promote soo valuable a 
worke, aud more eiideare your peticiouers ever to pray, that 
wisdom, truth and prosperity may direct and attend your 
Commonwealth.” (Signed by 17 persons.) 

5. — This document was referred to a Committee of the 
House which reported that it would be a fit place to erect a 
college or school for al I the sciences and literature ; that 
it would Ih) a pious and laudable work, and of great use 
to the northern parts; it ordered Sir Arthur Hazelrigg to 
make their Iteport to the House 

(5. — ^28th April, 1()53. The inhabitants addressed the 
Government in the new form, vik. : “The Lord Generali 
and the rest of his Couneell of Officers.*^* 

In reply to a declaration from Government, 20th April, 
IfiSii, they write, “ upon the reading whereof we were at 
first like men in u dreamc and could hardly beleove for 
rejoycing, to see the wonderful goodness of God, in renue^ 
ing a remembrance of your former engagements for this 
poore nation*’ . . . wee make htild, in the behalfe 

of many hundred honest hearts m this country, being 
desired by many of them to write to you, to let you know 
how much we desire to blesse God for still owneing y<iu, 
and to shew you how much our hearts owne you in this 

action of late And were it not tedious to 

present some overtures we should make bold to speak some- 
thing for this poor county, which hath for a long time layd 
under many oppressions; and the more, for that by the 
usnrjiation and the pride of the bishops there never was 
that liberty given us for the choyco of parliament men to 
speake out our grievances, or to attempt our deliverance, 
suitable to oil other couutyes in the nation.” 

* Difsolntion of th« Long Plsrliamsitt, April iSHdi, 1649. The rigime of 
Uw Msjor Gsnsrsls with the disodnUon of the Bstehones Psrlia* 

ment, Dsoember 12tb, \iS3, 



138 


About this time u atroug opposition to the proposed 
college appeared. J. Conant^ Bector of Exeter College^ 
Oxford, is stated to have succeeded m pren^entiug (Jliver 
Cromwell fiY>m making a University at Durham, ** setting 
forth the dangers which threaten religion and learning by 
multiplying small and petty Universities. 

It is curious to read in Duke’s Ijift of Fo,r (p. 140) how 
jealous all sorts of people were of it. 

" Coming to Durham, they met with a person lately 
arrived from London, with an intention to establish a College 
for preparing young men for the Ministry. George [Fox] 
visited this man, and reasoned with him on the insufficiency 
of human learning for making a Gospel Minister. The 
mon assented to much of what George said, was very tender, 
and ultimately declined to set up his College/’ 

One sees the same suspicion in Milton:* Honest and 
ingenious natures, coming to the Universities to store them- 
selves with good and mil id learning, are there unfortunately 
fed with nothih'g else but the scragged and thorny lectures 
of Monkish and miserable sophistry --und so were sent home 
again with such a scholastic hurt in their throats as hath 
stopped and hindered all true and generous philosophy from 
entering.” 

There is a trace of this resistance in the Vice-Chancellor 
of Oxford’s books for 1()68-1669, “ for the copies of 2 patents 
concerning the College at J)urham, and for other fees to 
clerkea, 2/?, 10s.; to Mr. (Antony) Fide© for writing four 
copies of the University petition and reasons against erect- 
ing a University at Durham, 2/i, lOj. ; to Dr, (Daniel) 
Greenwood and Dr. (John) Wallis for the charge of their 
journey to London for preventing the er^ting of the 
Umversitie at Durham, 

We now arrive at the actual beginnings of this College. 

7. — In an Order of 18th February, 1667-8, 1 find it stated 
" that in l(i56 [ f 1666] “ Whereas his Highness the Lord 

* ReawH qf Church Govemtuent, , 

^ TVmeji, voL It. (Add.), p. 03 ( nod sdditionid note tci 
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l^rotector «ud the Counsel Iiuvo on 1 Feb. 1055-3 ordered 
that the jeftrely sain me nf £282 48 4d. should be allowed by 
way of Augmentation to three able and godly Preachers* 
memberB of the Colledge by the Maine order mencioned to 
be founded w'^in the city of Duidmm, etc.” 

This document is in the Lambeth Library and i§ 
endorsed 

m BISME 
COLLEDOK. 

In the same aeries are orders for the help of Durham 
School, for Almsgiving and Charities. 

8.— The great piece, however, is the Charter of Oliver 
Oomwell, datinl 16th May, 1657, 9 v. 

At the top is an emblazoned capital letter, with a 
hideous portrait of Oliver Cromwell and a curious Coat of 
Arms for Kngland, Scotland and Ii'eiand with the St. 
Qeorge'g cross m the first and fourth <iuarter, the St 
Andrew’s cross in the second, am) the Irish harp in the 
third. 

These Letters Patent are dated 16th, May, 1667. ** For 
founding a College at Durham as well with reference to the 
promoting of the Oospel, as to the religious and prudent 
education of young men there.” The (Miorter hands over 
the College and Houses of the Cathedral (Church and the 
Castle to the following body:— 1 Provost or Master, 
2 Preachers or Senior Fellows, 12 other Fellows (i.e,, 4 
Pnifeesors, 4 Tutors, 4 SchcNdmasters), 25 Scholars, 12^ 
Exhibitioners, 10 School Scholars. 

The first members were -•Philip Hunton, first Provost 
or Master; Wm. Spinedge and Joseph Hill, M.A., Preachers 
or Senior Fellows; four Professors; Th. Yaughan, M.A., 
J. Kiffler, M.D., Bobi Wood, M.A., and John Peachil, M.A. ; 
four Tutors: Rich* Russell, M.A., John Bichell, John 

*A Hampililni msn; M.A. of Wsdbsm OoUege, Oxford i Vkw cl 

WMtbnry, Vvnts; disbingalihsd himielf by looklsg oat the inoompetent 
minktm] eftet 1060 returned to Westb^t was ejected 1668; wrote 
contooveriUl treetiMe on mouerolu*. 


16 . 
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Doughty and *Eserel Tong, 1>.B. ; and four Schocdmaaten : 
Lionel Waatel, Nath. Yincent, M.A., Wm. Corkar, and Win. 
Sprigg. 

PosHeMiona; — College, Cathedral and Castle; Bent of 
£117 16 b. 8d. from Gateshead; roit of £600 Gates- 
head ; rent of £282 4s. 4d. for Dean and Chapttr, Baptories 
and Impropriations; a yearly rent, £6,000; total J^,900: 
also, the Cathedral Library and the Common Seal, 

Papers in the Lambeth Library (996 p. 80) shew that the 
organisation was still going on. 

February 18tb, 1667-1668. The three able and godly 
preachers were tr> have £282 4s 4d. (mentioned before) and to 
preach upon the Lord’s Day within the city or county of 
Durham. 

16th April, 1658. Under bead of Margaret’s, Durham, 
it is ordered that one third of above be paid (via., £94 Is. 
64d.) to Eaerell Tong, D.D., nmninated minister of the 
Parish Church of Margaret’s, Durham. 

24tii Septem%fer, 1058, Mr. Philip Hunton, Provost of the 
said College, uud Mr. Wm. Spinage are named as preachers 
in the Cathedral Church and City of Durham and Eaerell 
Tong for Margaret’s, and are to have the £282 4 b. 4d. in 
three equal parts. 

March 9th, 1669. To Mr. .Joseph Hill, minister of 
Oswald’s in Elvett, is granted £120 Gs. Od. 

April 16th, 1668. The one third of this sum of 
£282 4 b. 4d. is granted to Exarell Tong, D.D., “one of the 
members of the said College,” on this day nominated and 
appointed minister in the Parish Church of Hargarett in 
Durham. 

September 24th, 1668. Hr. Philip Hunton, Provost of 
the said College, and Mr. Spinage, one of the Senior Fellows, 
are Preachers in the Catbe^l Chui!ch.and City of Durisme 
— Tong for “Margaretts” — and finally (March 9tb, 1668) 
•Hr. Joseph Hill is Minister of “Oswald’s in Elvetb” 

* Xssrsl Tang, i).D. (ol Oxford, aot of BoriMua as is fOOMtimwssid) t sa 
ally afterwards of Titu Oatss ; a sardsaar and a ohsmist, a maa fan of 
uojsota sad netioBB, “ a vary mata otviBO sad MSBMd sreduwM and sts^, 
Dot I leakad on Uai m a moore aisa.** At Oxford ho barat aa sfBgy of 
tito Popo, wttli oats aad tats ia it ( I) to c op r osw tt devils. 
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This seems to he the only outcome of this University or 
Uollege of Durham — the three preachers; Cathedral; &t 
Margaret's; St. Oswald’s. For there is no notice of any 
other work ; and Oliver Cromwell died Septomber 3rd, 1U68. 

On the proolamation of Biehard Cromwell as Protector, 
on 4th September, 1U6S, there was presented a warm petition 
for the continued help and support of the College. Hutohiu- 
sun (L, 530) ventures to say : — “ This Orphan College thrived 
apace, it endeavoured to confer degrees, and mimic its 
grown*up sisters of Oxford and Cambridge, who checked its 
presumptions by petitions to the new Protec*tor. iiut in 
less than two years the ill-patched machine of government 
fell t<i piei*efl, and with it this new Seminary of knowledge.” 

So comes to an end without any real life m it, the Puritan 
College of Durham* I do not know that even a single 
sermon of those preached by the three godly preachers 
survives. The old regime began again; with the old 
quarreUing in Dishop Cosin's days, us we see from the lives 
of Dean Deunis Granville and, a little later, of Peter Smart. 
All one can say, by way of an epitaph, is that the short life 
of this puny College shews something of Oliver CromweU’s 
interest in higher things. The Restoration, in this respect 
at least, was no gain. No more word about education was 
heard. 

THE CHAHTER OF OLIVER CROMWELL, FOR THE 
FOUNDATION OF A COLLEGE AT DURHAM. 

Oliver, Lord Pnite^dor of the Commonwealth of England, 
Scotland, and Ireland, and the dominions thereto belonging, 
to all to whom these presents shall come, Greeting. 

Whereas it hath been represented unto us by our right 
trusty and well-beloved Couucillur, John Lambert, and our 
right trusty and well-beloved General Mountague, and our 
right txuntj and well-beloved Francis Bowe^ Esquire, a 
Committee of our Council (to whom the Petitons of the 
Justices, Grand Juries, Gentlemen and Inhabitants of our 
Citiy and Counly of Duriiam, County of Norihumberlaikt 
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and Town and County of ]!7ewca8tlo>upon*Tyne, ior the 
founding of a Colledge at the Citty of Durham, was referred 
our said Council), that the founding of a Colledge at 
Durham will be of great advantage to those counties, and 
to all the Northerne parts of this Island, as well in reference 
to the promoting of the Oospell as the religious and -prudent 
educacon of young men there. And it having thereupon 
beeue ordered by Us and Our Council according to the 
opinion of the said Committee in pursuance of the 
Peticioners desires That a Colledge be erected and founded 
at Durham, Know yee therefore that Wee haveing taken 
the prem ises into our consideration, of our especiall grace cer- 
taiue knowledge and meere mocon have thought fitt to erect 
and found and by these presents for Us and Our Successors 
do erect and found a Colle<]ge in our aaid Citty of Durham 
in Our County of Durham within the acite of the Colledge 
Houses Cathedral Church and Castle in our said Citty of 
Durham or aome of them To he and continue a Colledge 
from time to time hereafter forever, and that the same 
Colledge shall consist of one Provost or Master, two 
Preachers or Senior Fellows, and twelve other Fellows, 
fewer of the said Fellowcs to be Professors fower oAer 
of them to be Tutors and other fower of them to be 
Schoolmasters. And alsoe twenty-fower Schollars twelve 
Exhibiconers in the said Colledge and eighteene Schollars 
in the Free School belonging to the said Colledge. And Wee 
doe by these presents for Us and Our Successors will ordain 
constitute and appoint that they and their successors 
shall from henceforth stand and be Incorporated and founded 
in Name and in Deede One Body Pollitique and Corporate 
to all intents and purposes and shnlbe eligible and be 
elected as hereafter is declared and shall forever hereafter 
be called by the Name of the Master or Provost Fellows and 
Schollars of the Colledge in Durham and of the founda- 
tion of Oliver Lord Protector of the Commonwealth of 
England, Scotland, and Ireland and the Dominions thereto 
belonging, and by the same Name shall have perpeinoll 
succession. And to the end that the said Colledge may be at 
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present furnished and provided with fitting persona for this 
Work and Service Wee doe for ITs and Our Successors con- 
stitute and appointe Our wel-beloved Phillip Hunton, M.A., 
to be the first Provost or Master of the said Colledge and 
Our wel-beloved William Spinedge and Joseph Hill, M.A., 
to be the two first preachers or Senior Fellows of the said 
Colledge and our wel-beloved Thomas Vaughan, M.A., John 
Kiffler, M.D., Robert Wood, M A., Ezerel Tong, D.D., John 
Peachil, M.A., Leonard Wastel, Richard Russel, M.A., 
John Richel, Nathaniell Vincent, M.A., AVilliam Corker, 
John Doughty, M.A., and William Sprigg, to be the first 
twelve other Fellows of the Colledge. Whereof the said 
Thomas Vaughan, John Kiffler, Robert Wood and John 
Peachil shall be the first fower Profmsors, and the said 
Ezerel Tong, Richard Russel, John Richel and John 
Doughty shalbe the first fower Tutors of the said Colledge 
and the said Kathaniell Vincent, William Corker, William 
Sprigg and Leonard Wastel, shall be the iint fower School 
Masters of the said ('nlledge. And Wee doe by these presents 
for Us and Our Successors with the advice of Our Council of 
Our like especiall Grace certaine knowledge and meere mocon 
and for the endowment of the said Colledge with some com- 
petent meaues for the maintenance thereof and for the better 
advancement of Learning and Rdigion in those parts, Give 
and Grant unto the Master or Provost Fellows and Schollart 
of the said Colledge in Durham of the Foundacon of Oliver 
Lord Protector of the Commonwealth of England, Scotland, 
and Ireland, and the dominions thereto belonging and their 
successors all that the Gathedrall Church and Churchyard 
and Colledge of Durham aforesaid and alsoe all and singular 
messuages and houses and all orchards, gardens, courts, 
oourtyards, curtileges, wastes and waste grounds hereunto 
belonging which are yet unsold, and which were lately 
belonging to the late Dean and Chapter of the said Cathedral 
Church of Durham, and the Free School there and School 
Houses, and the Houses for School Masters there, with all 
Orchards, Gardena, etc., with &eir« and every of theire 
rights, members, precincts, priviledges, hereditaments and 
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appurtenances in any wise unto any the Premisses belongs 
ing in as ample manner as the late Bishopp or Dean and 
Chapter of Durham or the Trustees for Sale of the Lands 
apd Possessions, of the late Bishopps, Deans and Chapters or 
any of them have held and enjoyed. . . . Also all tiiat 
yearly rent of £117 16 b. 8d. reserved by one Indenture of 
Lease bearing date on or about the sixBi day of April in the 
twenty-fourth year of the late Queen Elizabeth, made by BJc- 
bard (Barnes) Bishopp of Durham, etc., payable out of the 
several manors of Glateside, attat Gateshead, and Wickham 
. . . also one yearly rent charge of £600 per annum out of 
the aforesaid manors . . . one other yearly rent charge 

of £382 48. 4d. payable out of the Bectorics impropriations 
and parsonages impropriations late belonging to the late 

Bishopp or Dean and Chapter Wee also Grant 

all manuscripts Library books and other books and mathe- 
matical instruments and all other instruments whatsoever 
late belonging, etc., either w any of them respectively 
relating to the prac'tise of any of the Liberal Sciences. Also 
give and Grant that it shall be lawful for them from time to 
time aud at all times hereafter to purchase, have and hold 
any land, tenemmit, etc, not exceeding the yearly value of 
£6,000 .... We will Ordain and Appoint that the 
said Colle<lge by the name of the Master, etc., shall have 
power and authority to demise lease and grant these 
possessions. We also Grant to have a common seal and We 
have nominated Sir Thomas Widdrington Knight, Speaker 
of the Parliament, and John Lambert. Major General and 
Commander in Chief within our Counties of York Durham 
Westmorland Cumberland and Northumberlsmd, and Walter 
Strickloud of our Council, and Algernon, Earl of Northum- 
berland, Thomas, Loni Fairfax, William, Lord Grqr of 
Wark, George, Lord Eure, Philip, Lord Wharton, etc., etc. 

Witness Ourselves at Westminster 16 May, 1657. 

(Signed) Bbai,b. 

[This document is printed in full in Hutchinson’s 
Durhfim, I. pp. 618-627.] 
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The Deve lopment of Mathema tics ix the 
Nineteenth Century. 

By J T. Mirs, Ph.D , D.C\L. 
rBw^ June 20th, 1009.] 

It Will be evideat to anyone who lo<^8 at the treatment 
of matbematicBl subjortu at the present day and comparee it 
with that of a generation ago, or still moiv with that of the 
earlier pait of the mneteenth century, that a great change has 
taken place. But li one attempts to put into deiinite lan- 
guage what this change consists in, the task is not veiy easy. 
There aie vaiious ways m which we may go to work if we 
desire to ariive at an ausv^er. 

Peibaps the eosicet wa^ would b© to select such expres- 
sions used m mathematical language as did not exmt in 
earlier text books, or such a^ have reoox\ed altered meaning. 
This would lead to an histoiical iiujuiry which would show 
where and by whom the new terms have first been used and 
what was tho inducement to intioiluee them. Similarly, 
we might trace the development of our knowledge or our 
ideas in any other subject by resorting to a study of the 
vocabulary of the language employed in each department. 

The nineteenth coiituiy has probably extended the voca- 
bulary, both scientific and philosophical, in all the principal 
languages, more than any other preceding period. All the 
better dictionaries and eueyelopedias prove this con- 
clusively: no better example could be given than a com- 
parison between the rei'eut supplementary volumes of the 
Eneyelopedta BrU^inmea with those published during the last 
quarter of the nineteenth century. The result of such a 
study, even, if undertaken only over a very small dejpait^ 
ment, could not fail to be highly instnictive, bfoi to do it 
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'with any completeness would be very laborious. For this 
reason it may be well to look out lor some other point of view 
and some other method in treating of any particular science. 

It is only within the last generation that a serious interest 
has been taken in the history of the .various sciences : before 
that time it would have been almost impossible to name any 
science in which the modern developmmits had been exhaiis* 
iively traced. Historical statements referred usually to 
sjiecial problems or to tbe work of individuals and were not 
unfrequently written by men of great eminence, but they 
were not brought into any connection and were buried in 
periodical publications or the iteports of Academies. As 
soon as the necessity was felt for comprehensive histories the 
great dilficuKy presented itself in the enormous bulk of 
special research in every department. A similar difficulty 
has been met adth in the writing of political or literary his> 
toiy, the mass of material is everywhere overwhelming, and 
except some other point of view can be gained than that of a 
chronological or biographical record of events or researches 
history will very soon become impossible. It is therefore 
fortunate that with the enormous accumulation of material, 
another process has kept pace which will enable us to gain 
those more commanding points of view from which a survey 
is practicable. 

So far as the sciences and many other departments of 
intellectual progress are concerned it has been generally 
recognised that the purely enumerative method, which limits 
itself to the statement and registration of facts, does not 
suffice to ensure progress. Everywhere it has been found 
necessary to establish leading ideas under tbe guidance of 
-which special research has had to proceed. This is no less 
the esse in the science of mathematics than in. other sciences, 
be they now ctmeerned with iffiysioal, mental or historical 
facta. 

^ Lagrange deplored at the end of his life the ooaung 
gmeration of mathematicians who would not only have to 
study the quartos of Euler, Newton and others, hut also those 
of himself, his contemporaries and suocassmu. 
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He foteesw with alarm the increaeingr accumulatioa of 
material. The nineteenth century hae done much to avert 
the dreaded difficulty by everywhere emphaaiaing the leading 
idects rather than the detailed applicationa to special 
problema. 

Jacobi already stated that ideae were more important 
than elaborate calculations. 

Simplification and elcKance have in many cases removed 
lengthy and cumbrous formularies, so much so that in reply 
to the thesis of Kisenstein, via., that mathematics was not 
only a science but also an art, an eminent mathematician 
could reply that mathematics was indeed an art but not a 
science. 

The correspondence between Qauss and Schumachev 
opens with a demand by the latter that Qaass should com- 
pete for a prise which a Piartugnesc mathematician named 
Pedrayes had offered for the solutiim of a certain differential 
equation and with the characteristic answer of Qauss that 
he took DO interest in the solution of such special problems, 
but only of such questions as promised to open out new 
visUs into the higher regions of analysis. 

The history of science will accordingly have more and 
more to limit itself to an attempt to mark prominently the 
distinct and changing lines of reasoning which exist 
in every science, leading the study of manifold applica- 
tions to special treatises which occupy themselves with 
restricted departments. It is no doubt in conseiiuence of 
this necessity that general histories of science have only been 
written in small number, whereas the histories of the 
separate sciences have within the last thirty years, been 
accumulating and still more so the histories of special 
chapters in the different sciences. 

The last comprehensive attempt to write the history of 
mathematics — that of Professor M. Cantor — ^had to stop in 
the middle of the eighteenth century, as it became evident 
that the histwy of the modem period could not be written on 
the same lines as the history before that time, and alihouc^ 
Pntfesaoi Cantor has named several living mathematicians. 
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who could bring down the work to the present day it ia 
evident that these, on their part, prefer to work up the sub* 
ject in special reports which are now being published by the 
Gherman Mathomatical Association: in a somewhat more 
extended form, but similar to that adopted in the Beports 
of the British Association by several eminent mathematicians 
in this country in the course of the last seventy years. 

The undertaking on which I myself have entered under 
the title of “ A History of European Thought in the Nine- 
teenth Century ^ purposes to deal with the intellectual his- 
tory of that period from the point of view explained. Since 
the publication of the first volume in 1890, the necessity of 
dealing with the subject in this manner has been evidently 
felt in many quarters. I instance only a French publication 
which, under the title of de PhilwfopJue 

SeientifiqitCt is edited in undated volumes by Dr. Le Bon. 
The prospectus contains the following characteristic 
announcement : — Scientific facta become multiplied to such 
an extent that it is impossible to know their aggregate. 
Scholars are obliged to confine themselves to very circum- 
Bcribe4l specialities. In spite of incessant discoveries the 
general principles which direct every science and constitute 
its philosophical apparatus are never very numerous. They 
change rarely and cannot change wiihoui a complete trans- 
formation of the science which they inspire. The profound 
evolution which the Physical and Natural Sciences have 
undergone during the last fifty years is the consequence of 
the change of philosophical principles which supported and 
directed the labours of those who carried on the research. 
In order to keep up an acquaintance with scientific philo- 
sophical and social knowledge it is necessary to direct our 
attention mainly to the principles which are iJie soul of their 
knowledge and form at the same time its best summary.” 

Moreover, this altered conception of the duties of the 
historian and notably of the historian of science, has its justi- 
fication in another feature of modem intellectual develop- 
ment. When the separate sciences took the place of the 
one general science called ” Philosophy,” they inherited also 
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the ainu which characterised the pamit science. One of 
these aims was, so far ae the Natural Sciences were con- 
oemed, the investigaiion into the Nature of Things.*' 
This aim is now generally admitted to be h^^less. The 
Nature of Things ” is unapproachable for the human in- 
tellect This conviction hat dawned and gradually settled 
on the human mind from two separate sides. First, there 
are the incessant and latterly ineivabingly frequent changes 
which have been witnessed in all these sciences which deal 
with facts and so called truths of Natuie. These changes 
have brought about a general distrust in the hnality and 
reliability of scientific knowledge. 

The second influence referred to comes from the side of 
philosophical criticism which permeates all our thinking 
since the end of the eighteenth century and has resulted in a 
settled distrust in the capacity of the human intellect of 
reaching Truth in the older sense of the word. The value of 
the scientific knowledge of nature is now recognised to lie 
solely in its practical application Among the sciencesi 
mathematics, however, occupies a unique position. 
Originally used merely as an instrument to serve practical 
purposes, the development of modern mathematical science 
has lain rather in the direction of emancipating mathe- 
matical research from the trammels of conventional ideas 
suggested by practical application. 

All the great departures in modern mathematical science 
have consisted in eatablishing more general aspects and in 
using them to develop a more general conception of those 
methods which former ages had devised for the solution of 
special problems. Thus we have generalized co*ordinatea in 
the place of the older Cartesians and polar co-ordinates; a 
more general conception of the space element; we have the 
idea of space of any number of dimensions — ^likewise of 
various geometries in the place of the Euclidean geometry ; 
the idea of different algehins or of an algebra of algebras. 
Lastly, also of the system of numbers which possess 
different properties from those possessed by the ordinary 
integers of arithmetic and, embracing both algebra and geo- 
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metry, have the idea put forward by Grassmana of a 
general arithmetic oud algebra of extended quantity. 
Hardly any of theae generalisations were dreamt of in the 
eighteenth qentuiy. A beginning baa been made in re- 
writing the text books of mathematiGal science on the 
foundations of definitions which we owe to these and other 
generalisations. 

But the process of generalisation involved a danger which 
wna not, to begin with, fully realised. Mathematical concep- 
tions or quantitiee from which these generalusations had 
arisen, had been handled by certain methods or operations 
the correctness of which was either evident or had been 
established in individual cases by the correctness of the 
result. When these conceptions were generalised the ques- 
tion arose whether m this generalised form the same opera- 
tions could be trusted to lead to correct results. It was 
probably to the numerous paradoxes which presented them- 
selves through their own confident application that the 
suspicion of critical thinkers was aroused that many of these 
generalizations were illegitimate.* In consequence a new 
task presented itself. It became necessary to investigate to 
what extent well known analytical devices could be applied 
in full generality, or, if they could not, to defiue the region 
of their validity and legitimate use. This undertaking 
necessitated stricter and wider definitions and an abstract 
investigration into the nature and logic of mathematical 
reasoning. In this way mathematical science has acquired a 
position quite different from that of other sciences, inasmuch 
as on the one side it prepares the instrument, with which all 
the other sciences work- -and on the other side it suggests 
logical and psyschological investigations, which were formerly 
considered to belong to philosophy par e^eeUe7iee, The oldei^ 
school of mathematicians, especially in this country, pro- 
fessed to supply both the logical introduction and the means 
for practical application. The great model in this respect 
was the geometry of Euclid or the geometrical treatment of 
conic sections. In more recent times it has been felt that 
the two aides which the science presents have grown to such 
an extent that a division has become necessaiy. 
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Out of tJiu oonYictioa which la cunscioualy or un- 
conscioasly forring itself upon mathematicians — especially 
upon teachers of mathermatics — ^there have arisen two diiferent 
schools which are terme<l abroad pre<'isian- and approxima- 
tion-mathematics — the former forming as it were the philo- 
sophical groundwork, the latter furnishing the means for the 
application of the science. And it is a characteristic 
phenomenon in the history of mathematical thought that 
the end of the nineteenth century should produce such works 
as Dr. Perry’s " Mathematics for Engineers," and at the 
same time, in all countries whei'e mathematical science is 
cultivated a whole array of works which deal with the 
foundations of the soiree, its most geneaul conception, and 
this without any regard for practical appliealiou. It seems 
to be the duty of future science to hand over to the practical 
mathematicians such definitions and axioms as can be safely 
employed by him in the solution of practical problems, and 
on the other side to connect these definitions and axioms 
in some scheme of consistent logic which will throw great 
lights upon the principles of abstract i^asoning, illuminating 
in this way processes of human thought which wei'e hidden 
to the older philosophy or only outlined in the dry formulse 
of conventional logic. In this way mathematics will wrest 
from philosophy another province, and it is sufttciently 
alarming to future metaphysicians, as it has been to 
naturalists of the present day, that they will have to become 
more intimately acquainted with the science of symbolic 
reasoning. It is also interesting to mark that a literature 
of this kind has existed in this country since the age of 
Peacock and de Morgan, from whom, through Boole and 
Hamilton, it has descended to recent representatives of the 
Cambridge School -notably Whitehead and Bertrand 
Bussell. In Germany it was mainly Hermann and Robert 
Grassmann who, for more than twenty years, laboured un- 
known and unrecognized, till Hermann Hankel published 
his well-known tract in the year 18G7. Since then we have 
a great literature represented mainly by Georg Cantor and 
Dedekind on the one side — by Sehneder and Frege on the 
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other, not to speak of the invettigiAieiiB .of Jftiemaaii and 
Helmholts regarding the foundation of goemetry. In Italy 
there has also arisen a whole sohool oi mathenuktioians, 
headed by Peano; in America we have Peiroe, and in 
France Borel, Coutnrat and, latterly, Poincai^. We* are 
reminded at the end of the nineteenth century of the inscriiH 
ticm over the portals of Plato’s Academy: oMilt iymtfUrpnim 
slriru. 

It would lead me too far to enter with mote detail into 
the different ideas and abstract problems which the develi^ 
ment of mathematics has forced apdb the attention of 
metaphysicians. 1 will only mention one conception which, 
in soma form or other, lies at the bottom of all the great 
generalizations on the basis of which the different stmcturea 
of scientific thought have been raised. It is the idea of 
Order, which seems to be the simplest form of expressing 
that postulate without which no scientific knowledge of 
the phenomena of Nature, {.e., uo natural knowledge, is 
possible. Every attempt to gain such natural knowledge— 
indeed all scientific thought — takes this postulate for granted. 

More than a hundred years ago Hume and Eaut put 
forward this statement under the form d causality. Without 
this they maintained that connection of ideas in the form 
of knowledge of external things was impossible. This state* 
ment has been repeated <throu(^ the greater part of the 
century and endorsed by such an authority as Helmholts. 
Latterly this statement has been altered and simplified 
mainly under the influence of Ernst Mach ; it has been re- 
duced to the simpler formula that we must assiune the exis- 
tence of some kind of order. Through this change, the jwob- 
lem of the intelligibility of Nature by the hmnan mind has 
taken a mathmnatical form, whereas causality is not a con- 
ception aoceuible to mathematics. At the same time smd, 
as it would appear, under quite independent influence, mathe- 
maticians have been induced to study arrangements to such 
an extent that whereas it was possible formerly to define 
mathematics as the science of quantity we must now add sis 
equally important the definiti<» as a science of arrangement. 
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Mathematics in fact, at the end of the nineteenth cen* 
haa become quite as much a science of tactics as it was 
formerly a science of quantities. 

It is again very largely owing to English mathematicians 
— ^notably Cayley and Sylvester, followed by Marmahon, that 
this haa been recognized; the older Oarman school of 
combinatorial analysis in the beginning of the nineteenth 
century having left no lasting mark in the development of 
the science. The great problem that is thus htmded over by 
both science and mathematics to philosophy is the question of 
Ordei'. “ A discussion of Order," says Mr. Uertrand Russell, 
" which is lacking in the current philosophies has become 
essential to any understanding of the study of mathematics." 
And again he says, " What is Order!* This is a diiKcult 
question and one upon which nothing at all haa bem written. 
The discussion is of purely philosophical interest and might 
be wholly omitted in a mathomatioal treatment of the 
subject. ' 

It is the philosoidiical problem urged by mathematicians 
and naturalists alike upon the consideration of meta* 
physicians. 
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PROCEEDINGS 

or THC 

IttioersitQ of Pnrtam flftitoqiliical S0ctet9 

(ABSmAOTKU VROM THK pROCXlDIMOfl). 


November 6 th» 1903* 

(At thh CoLUtOK or Schknox, PaomaoK Bxdsov iv thb Chaib. > 

Prof. Gilohritt, Mesars. Biack, Brezman, Danoan^ Treble 
and Witten, and Miss Lebotir were elected members. 

The following Officers were elected for the session : — 

PrtMuUnl 
Thk Wabdkk. 

Vtee-PrejmUrUJt 

pBoncsrtOR Lkboce. 
pBonyeoR Louu. 

Dk. Mbrx. 

PKOnaSOR POTTXB. 

PBOrXMOB BAMFflOir. 
pROKBMOR Stroud. 

// or . 8€Crttar%M 
8. H. Collins. 

R. B. Urkiq. 

Sditor* 

F. Ot GUbmtt 
S ection A Chairman. 

J. A. Snrrax. 

iSee^tofi A Stcrtiary. 

A. MsRatciL 

StctUm B Chairman: 

R. A. Bolam. 

SSscKon B SeertUay * 

M. BbaoB. 

la 
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CommUtte; , 

B. W. W. Baikbbidok. A. Mnnc. 

PsoranoB Jnsop. A. 'L. PnoiYAL 

B. B. JBvom. W. U. THOBmni. 

Professor Loais gave an aooonnt of a leoent virft to 
Trinidad, illnstrated by a nomber of photographs. 

November aist, 190a. 

ChBXIOAL AKD PHTBIOAIt SscTioir. 

(At thx Coixxob or SomrcK, Db. H^bbx nr thb Chaib.) 
Messrs. J. C. Brown, H. Dobeson, Dixon, J. B. Peat» 
A. Short, W. H. Sodean were elected members. 

Mr. OoUins read a note, illnstrated by lantern slides, on the 
“ Electrical Manufacture of Caloinm Nitrate.” 

Mr. Holohan read a note on “Selenium,” and exhibited 
specimens. 

December 4th, 190a. 

Biolooioal Sbotiok. 

(At thb Ooujcob or Smsifoa, Pnor. Pottbb iv rax Chaib.) 
Messrs. B. Ossettich and W. W. Firth were elected members. 
Dr. Oeo. Potts read a paper on “ Dktyostelinm Mnooroides.” 

December aict, 190a. 

MATiravATtOAL SnonoH. 

(At thx Coums or Somrox, Pbop. Samfsoh. ih thx jCbaib.) 
Buies of Procedure were adopted, and the incorporation in 
the Philosophical Society was agreed to. 

Mr. P. J. Heawood read a paper on ** Yemiers.” 

Mr. C. J. Van der Heyden deaoribed the methods of mathe* 
matioal atndy in the Univeraity of Ghiettingen. 

February 19th, 1903. 

BiOL()QIOAL Suotiob. 

(At thx Oouaox or Scxxxox, Pxor. Pott xb m trx OsAn.) 

Mr. E. P. Witten read a paper on “The Development of 
the Grab.’' 
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January asnd, 1903. 

(At thb Gouiioa of Hciihok, Pitor. Stkoud m tbb Chahl) 

The Univenitj of Darham Mathematical Sodetj was 
incorporated as Section 0. 

Prof. Potter read a note on ** The Decomposition of Oxi^ 
Aoid bj Plants.” 

Dr, Thornton read a note on The Application of Eleotri*> 
oitj to Qrowing Plants.” 


March 1903* 

<AT TUI CoixiGi or Soiiiioi, Pbof. Stboud IK TUB Chaib.) 
The following Bnlea were adopted : — 

Xaui. 

1.— The Societj afamll be called the UurmarrT or Dubkau 
pRlXiOaOFKICAL SOdlTT. 

* OBJiora 

n, — ^Tho objocta of the Society ehoU be (a) the promotion of 
xeeearoh. (6) the communication and diaouaaiun of faot« and ideaa 
bearing npon aoientifio and philosophic questions, (c) the ex- 
hibition of Bpeoimens, apparatus^ and books, and (e/) friendly 
interconrse between worfcers in different fields. 

MAKAOBUnifT. 

IlI.~The business of the Society shall be managed by a Ckim- 
mittee elected at the meeting in the month of November, consist- 
ing of the offloers, and six other members of whom three at least 
shall be re-eleoied each year. The seciionid officers shall be^aB- 
ojffcio members of committee. 

OmoiHS. 

lY.— The offioers of ^e Society shall be a President, six Yioa- 
Presidents, an Editor^ and two Secretaries (one of whom shall 
also act os Treasurer). The President and Yloe-Presidents ihaU 
be elected annually, but net mors than four of the Yioe-Preddents 
shall be re-elected in etch year; the Secretaries shall be appointed 
for two years, but one of them shall retire in each year. All 
elections shall be by ballot. All offioers shall be eligible for re- 
election. 

Y.— The officers of each section ehall be a Chairman and a 
Secretary, and shall be elected a nnu al ly at a meeting of that 
ssotion. In the event oi any section failing to elect its officers 
before the first general meeting of the Society in each sesshm, 
the gmiend uneetiBg ehall have power to fill the raoaaeies. 
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Mimbubhip. 

VI. — All pa»t and pTMent •tndenta in tbe Colleg«a of the 
Tlnivenity, all paat and pfreaent members of the University, and 
of the College Staffs and Councils shall be eligible for meml^Tship 
of the Society. Persons not qualified for the ordinary member- 
ship of the Society may become Assooiatee. Associates shall enjoy 
all the privilegea of mombera except that they ahall not be eligible 
to fill any office or to vote. Candidatea for election must be 
nominated in writing by two membera of the Society, and their 
nominations mnst be in the Seorotariee’ hands at least three 
days before the meeting of the Society at which they are to be 
proposed. Elections shaU be by ballot, and a candidate shall 
not be elected unless at least three-fourths of the votes givon are 
in his or her favour. 

MEBTUSaS. 

Vn.—The Committee ahall decide the place and time of each 
meeting, but in the course of the year one meeting at least shall 
be held in Newcastle, and one ut least m Durham. It shall be 
the duty of tho Secretaries to send each member a written notice 
three days before each meeting. 

SCBSOBimON. 

VIII, — Each members shall pay an annual subscription of Five 
Shillings,* or a life subscription of Je4. Members whoso subscrip- 
tions for the current year are unpaid ahall not be entitled to 
receive copies of the Society's Publications, and those whose 
subscriptions are two years in arrears may be struck off tho List 
of Members by the Tieasurer. 

VlBITOBA 

IX. — Members shall have the privilege of introducing friends. 

Mr. J. W. Ballerwell was elected Becretory viet Mr. Oreig, 
reaigned. 

Mr. Sodeao read a paper on the ** Decompoaition of 
Ohloratea,” illnatrated by ezperimenta. 

Prof. Bedaon exhibited apecimena of paHadimn, and Mr. 
Merrick ahowed the cryatalliaation of potaaaimn chloride from 
gelatine aolntion. 


March 6th, 1903. 

OHBinoAL AVD Phtuoal SacmoH. 

(At tbb 0>i.ba«Hi or Sonnroi, Da. Smttbx u> thb Ohaib.) 
Lord Barnard, Meeata. U. A. Brennan, J. W. H. Haniaon, 
A. 0. Langdale, J. MaoLaren, K. W. Middlaton, B. A. BUmb. 



159 


Miasea D. £. Birchall, K. Bornett, IL K. Hedop, J. W. Hatty, 
K. March, and K & Wright, were elected memben. 

Mr. D. Woolaoott, read a paper, dlnatrated by lantern 
•lidea, on “The Geological History of the Tyne, Wear, and 
associated Streams.” 


May i4th, 1903. 

(At UNivaBsm Golleok, the Pwbudeiit is irb Chaib.) 

The President read a paper on “ Oliver Cromwell’s College 


June noth, 1903. 

Matbkjutioal Sbotiov. 

(At tub CotutOB or Boosax, Piwr. Samfsoh is tbb Chaib.) 

Professor Sampson was elected Chairman, and Professor 
Jessop, Secretary of the Section; Messrs. Goldsbrongb and 
Thomson were elected members of the Sectional Committee. 

The following papers were read : — 

“ On the Tracing of Caustic Carves.” by Mr. A. L. Perdval. 
“On the Graphical Solution of Quartic Equations, ” by 
Mr. 6. W. daunt. 

“ On Develo])ment8 of Mathematics dnring the Nineteenth 
Century,” by Dr. J. T. Merz. 
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^ A- Note OS Molybdenum. 

Bj John Oooora Bbowk, B.Ba 
[Reiid Deoember 10th, lOOS.] 

Molybdeonm is a metal of the rizth group, being anooiated 
therein with the elemento ohromium, tiingaten, and nrwiinm. It ia 
nenally found as molybdenite (MoS|), a mineral belonging to the 
hexagonal ayatem occurring— generally with copper pyritea, in the 
granite of Shap Fella, and in many Oomiah mines— in maaaiye 
pieoea which poaaeea a very perfect cleavage, and split np inde* 
finitely into thin, aoctile and almost malleable laminn ; ita colour 
ia identical with that of graphite, firom which it is distinguiahed by 
its slightly greenish streak. Molybdenum is also fonnd in the 
form of molybdates, notably as wulfenite or lead molybdate 
(PbMoO,), many iron ores contain traoes of it, and so it is some* 
times fonnd in minute quantities in pig iron and in dags. 

Molybdenum compounds are beat prepared from the native 
sulphide by oxidation in the air at high temperatnree, the trioxide 
so formed being a convenient starting point for other oomponnds. 
By heating the mineral to rednees in a hard glass tube and slowly 
asjdring air over it oxidation takes plaoe, and the trioside snblimea 
in clear tabolar crystals. Another method which gives remits 
more quickly, is to powder the miueral as finely as possible, mix it 
with ita own weight of sand, and strongly heat on an iron plate 
for three days, taming the material eveiy honr t in this way the 
molybdenite is partially oxidised. 

The wsehed product is now boiled with dilute ammonia, which 
diaaotveo the molybdenam triozide, at the mne time precipitating 
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ftn; iron sslta which may be preaeub | after filtering off from tand 
and unaltered molybdenite, two or throe drops of ammoninm 
■nlphide are added to the filtrate to precipitate copper salts 
which are nsnally present in small proportions The liquid is now 
filtered again and concentrated by evaporation, when nitric acid ia 
added, which precipitates the trioxide (MoO|), which it filtered off, 
well washed and dried. It can he farther purified by redisMlving 
in ammonia, crystallising out the molybdate so prodnoad and d»> 
composing this again with concentrated nitric acid. 

Molybdenum trioxide (MoO*) is a white impalpaUe powder 
which turns yellow on heating, it sublimea in the air in colourless 
transparent rhombic tablets, and is slightly soluble in water, to 
which it imparts weak acidic properties. This oxide corresponds 
to ohrominm trioxide and forms molybdates analogous to the 
chromates. 

Molybdenum dioxide (MoO,) is prepared by reducing the Ixi* 
oxide in hydrogen, it is a black powder and forms the unstable 
molybdenum salts. 

The halogen compounds are numeroos, each oxide having 
several oorresponding chlorides and bromides. By passing chlorine 
over heated mixtures of molybdenum trioxide and carbon some 
of these chlorides and oxychlorides are obtained ; they are all green 
or yellow compounds possessing a pungent smell, and rapidly 
combine with the moisture of the air, forming blue liquids. 

Molybdenum ia prepared by the reduction of the trioxide with 
powdered aluminium, the mixture being placed in a mioible and 
fired by means of a magnesium powder t any unaltered aluminium 
Ibeing dissolved out with the hydrochloric acid. Pure molybdeuum 
was found to be a very hard, silver white metal, and very infusible ; 
soluble in nitric acid, but not attacked by dilate sulphurio or by 
hydrochloric acid. 

The molybdates are formed by the combination of the acidic 
molybdenum trioxide with basic oxides, and many complex 

molybdates can easily be obtained as 

Mono-Molybdates ... B^MoO, aH(0 

Di-Molybdatea ... R«02MoOi 

Tri-M«dybdates ... B|08MoOi etc.. 
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the proportion of molybdonnin Bteadilj incnMiiiiK np to 16 mole- 
ooIm u in the eodiam molybdate NatlfoHOir The beat-known 
molybdates are those of ammoniam. Ordinary ammonium molyb- 
datee has the formula (NH()|Mo,Om H -tHiO ; it cryatalliaae in aix- 
lided monoolinio prisms. 

Lead only forms one molybdate PbMoOi ; this ia prepared by 
adding a solnble lead salt to a soluble molybdate and comes down 
as a heavy white insolnble powder. The easy prodnctioa and the 
insolnbility of this salt under ordinary oironmBtanoes make it very 
naefni as a means of estimating molybdenum. 

Oaldnm, barinm and etrontinm form molybdates in the aame 
way as lead. Nickel, cobalt and manganese form coloured molyb- 
dates, the nickel salt being apple green in oolonr, the oobalt salt 
manve, the manganese salt bnif. Zino molybdate ia a white solid. 

Molybdennm is in the same group as sulphur, to which it 
ahonld, therefore, show some reeemblanoe, this is seen in the 
formnlm of the acids and HjHoO,. Some of the sulphates 

are iaomorphous with the molybdates, and, by mixing solutions of 
ammonium molybdates and magueainm snlphate, a doable snlphate 
is obtained, in which part of the snlphnr is replaced by molybdennm 
without any essential alteration in the crystalline form of the 
ordinary double sulphate Mg(NH 4 )^ 8 o 4)4 + 6H«0. One speoimen 
BO prepared contained 14 per cent, of molybdennm. 

Molybdennm forms two oomponnds with snlphnr, the disnlphide 
(Mo 8 |), found native as molybdenite, and the trianlphido (MoS^), 
which is formed when hydrogen snlphide is passed into the concen- 
trated solution of a molybdate and an acid added. It is a diooolaU^ 
oolonted powder difSoolt to prepare ftee from snlphnr, as it 
easily passes into the disnlphide. It has the power of oombining 
with baaia anlphidea to form this molybdates in exactly the aame 
way as the trioxide forms molybdates. 
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A Sketch of the History of Fourier Series. 


Bt a. F. van dke Hnvdkh, M.A. 

[Read December 12th, IfiOB.] 

1. The extreme importanoe of Fonrier’e Theorem in Mathe- 
nutioal Phjncs u of itself sufficient to make the ataej of ita 
development of interest to all students of mathematics. The fact 
that a thorough insight into its history can only be aoqnired by 
considering the development of the treatment of infinite aeries and 
of the ides expressed by the word “ function *' makes this story 
worthy of special study. 

We shall, aocordingly, oommonoe by pointing out the most 
important steps in the growth of the theory of infinite series and 
of the signification of the word "function.” 

2. The introduction of infinite ptooesses wss, in the first 
instanoe, brought about by the desire to eilbct the quadrature of the 
conic aeotions. Thus Archimedes* (200 b.o.) found the area out oft 
by a diord of a parabola by what amounted to the nae of the aeries 

1 +^ + ^+ . . . 

Similar problems were disonaaed in the seventeenth century by 
Oavslieri, Fermat, Pascal, Wallis and others. 

As early as 1685, Newton had discovered the binomial series, 
though he did not publish his results till many years lator. In the 
oatalogne of the Portsmouth Papers (p. zviiL) he says In the 
beginning of the year 1665 I found the method of approximating 
Series and the Rule for ledudng any dignity of any Bhiomial into 
such a aeries.” 

In 1668, Lord Bronncker published an attiolef on the Sqnaring 
of the Hyperbola. In this he found the area enclosed between one 

* AnhiBUdei, Optr * ed. J. L. Heiberg, pp. 6S4, 848, {f 17, 84. 

t *The Bqnmtlikg of tbe HTperboU, by aa Inflalte sarlM «t laUoaal 
Bunberi, together with Iti Demonstration.’' 
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aajmptote of the reotangalar hyperbola xy 1, the ordinates for 
d? M 1, ^ n S and the oorvei ezpreaung this area in the form 

JL+ 1 + i + 

hi ^ 8.4 ft.6 • • ‘ 

The most noteworthy point is the fact that he considered the con* 
vergency of the series. 

In the same year Nicolans Mercator published his LogarMnuh 
tschma, m which he gives tlie result 

... , 

deriTing therefrom, for the area oontaiaed between the hyperbola 
y a» [« a. 1 + a], the exprewion 


a 


o* , ^ 
2 8 



whidh is, of conree, the logarithmic Boriee. 

The lue of infinite aeries was extended to a wonderfiil degree 
by Newton and Leibniz, and tt is again noteworthy that they and 
their immediate saoueesora felt the need for considering toe oon- 
Tergenoy of the series need. Thns, in one of his letters, Leibniz 
remarked* (i..D. 1718): — “I could wish that Newton, who was 
partioolarly well vereod in the theory of series, had pushed the 
matter farther, especially with regard to a way, whioh would apply 
to tmusoeodentals as well as in ordinary oases, of learning whether 
they oonverge or not.” 

8. We now oome to a period during whioh infinite Mries were 
freely and regularly used. Apparently all doubts as to the correot- 
Qou of such methods had been dissipated and non*ooaTetgent series 
were employed jnst as if they were ordinary quantities, an nnoon* 
scious process of indnotion leading to the idea that they wonld all 
obey the ordinary laws of algebra. 

An amosing piece of reasoning is quoted by Beifff in this 
onmeotion. Having obeeryed that 


1_ 
1 + * 


1 — + — **+ . . 


I 


• WbniB, Mtitk, W§rh0t «d. OcrbMdt, 111., p. 988. 
i BeliE, G9$ekMt$ d$r Unmnd. 6546. 
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a monk, named Onido Qrandi (a.o. 1710), pnt s « 1, obtaining 
the teanlt 

^*1-1 + 1 — 1+ . . . . ad mf. 

In jostifioation of this resnlt be anppoaed that two brothers 
inherited a priceless gem from their father on condition that it was 
not to be sold. They aooordingly decided to hold it for one year 
each in tnm. This being done by themselves and their descendants 
for ever, it followed that each family gave and received the gem an 
inflnito number of times, whilst each held the stone for one half of 
the time. He also deduced that 

i-(l-l) + (l-l)+ .... 

= 0 + 0 + . . . . 

and thence decided that it was possible for the world to have been 
created out of nothing. 

Yarignon was the only mathematician, at this time (a.d. 1716), 
to protest against the use of such series.* He maintained that no 
series shonld bo used onless its terms continnally diminished in 
sach a way thot the remainder could be neglected. 

Euler, who contributed most to the theory, held very loose 
views. They are exempliKed m a oorreepondenoe with Nicolaus 
Bernoulli, who objected to the use of series whose temu were 
ultimately infinite, pointing out that, by their moans, the same 
quantity would be represented by totidly different expansions. Thus 

+ 1 +* + 8 + 5 + 8+13+ . *-l, 

and j j *1+8 + 4 + 8 + 16+. . . . . .* — 1. 

Euler replied (a.d. 1746) by saying that the equivalent did not 
denote a summation but the possibility of developing the expression 
in a seriee.t 

A. We now pass on to a period of criticism, in which the 
results obtained by Euler and others were subjected to a cateftal 
sorutiny. Oriteria of the oonvergeocy of aeries were formulated 
sod, with some misgivings st first, divergent leriee were lejeeted 
M to tho 
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Thus D’Alembert 1768) remark!* For nqr part, I 
admit that all reaeonings and aU oalonlationi baaed npon aeriea 
vbioh are not convergent, or which cannot be anppoaed cmvargent, 
appear very snepicions, even when the reanlta agree with facta 
otherwise eetabliehed.” 

Again, in his Theory of Fnnotion! (a.D. 1796), Lagrange 
observes *. — “ The perfection of the methoda of approxiniation in 
which series are need does not only depend cm their convergence, 
bnt also on the estimation of the error dne to the terms uegleoted.”t 
It is to Oaachy and Abel, however, that we owe moat with 
regard to the adoption of proper views. Oanohy writes (A.n. 1891): 
— “ I am impelled to admit several propositions which will perhaps 
seem rofAer tlitrl; for example, that a divei^ient series has no 8am.”t 
In a letter to Holmbofi, dated January 16th, 1826, Abel makes 
the following remarks : — " Divergent aeries are, in general, very 
fotal and it is a disgrace that anyone should dare to found a proof 
npon them. The moat essential part of mathematics is withont 
foundation. It is true that the results are /or th$ meai part eomety 
hU that is very ttrange. I am seeking fer the reason of thss — every 
interesting problem.”^ 

6. The suooesaive attitndee taken up by the majority of 
writera, in the three periods referred to, may be respectively 
characterised by the following three questions : — 

(i.) Dare we use an infinite series ? 

(il) What examples of infinite series can we derive from 
given expressions ? 

(iii.) Which of these series is it lawful to use ? 

The final view, oharaoteristic of the present time, is 
rather 

(iv.) Under what oiroamstances can we regard a given 
infinite series as representing a function 
Oanohy observed || that the convergence of the series 

An 1 

3('~ 1) — depended on the order of the terms, and Diriohlet 

ft + 1 

• Mtah,, T., p. 188. 

t Th4orie | 68. } Analf^d Pnface* 

§ Bor«l, SiriM JHvny$nt0»t p, 11. | SStum. p. 67. 
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pointed out* that bj oertain cbaogee the sum of the aeriee wa» 
altetedi olUiongh it remained finite. Bienuuin ahewedf that this 
waa always the oaae with aeriee which wen not abaolatelj oon* 
vergent, thna finally establiahing the dlatinotion between abeolntely 
and'semi-oonvergent (oondibionally convergent) eeriea (aj>. 18t7). 

The fiiot that the anm of a convergent aeriea of oontinnoaB 
fonotiona conld itself have diaoontinnitiea led to the diatinotion 
made between uniform and non-uniform convergence. Thin was 
diaoovered by Stokes^ (a..d 1847) and also, independently, by 
Smdel§ (A.D. 1848). 

Finally, and in this connection we would refer to the italiciaed 
pml/iona of the remarks of Qauchy and Abel quoted above, a 
legitimate use was found for a oertain class of divergent aeries. || 
Two memauu on the subject appeared simultaneously (a.j>. 1886), 
the one, due to Stieltje8,11 the other to Poincare,** the latter 
writer giving the series the name of “asymptotic expansions.” 

The results of this classification of series may be summanaed 
as follows 

(1) Abaoluttly convergent aeries may be multiplied and 
rearranged. 

(2) iSwni-convergent series may, under oertain conditions, be 
multiplied but cannot be rearranged. 

(8) ounvergeut series are continuous and may be 

integrated term by term. 

(4) AtympUtu expansions may be added, subtracted, multi- 
plied, divided (if the divisor possesses an absolnte 
term) or integrated term by term, the result being the 
asymptotic expansion of the fimotiou found by per- 
forming the corresponding operations on the given 
Amotion. 

* Beri. AhUni., 1887, p. 48. t 0»t. Ahk., p. IS. 

{ JfeSA. Pkftiettl Paptr*, u, p. 388. 

} Aih, ier J/Aneken, Aead^ Vll. 

I 8$e Boiel, nr 1m tiriM divtrytntai, Paris, 1801. ■ 

5 “Beoherohes rar qnelquM adrlet •eml^nreigantei,” A*naht At PBMt 
Mrmalt, 1888. 

** Aet» Matktmttiet, Vol. VIII. 
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6. The idea of fanctioiulity took it* rue bom CkHndinate 
Geometry. Leibnii (a.d. 1 692) need the word " fhnotion " to denote 
•ooh lengtiu aa the ordinate, tangent, radina of onrvatnie, etc., 
which bore a definite relation to the poaition of a pointaon a onrre.* 

The word was need by Job. Bernoulli to denote a quantity 
inTolving a yariable and any constanta, and Enlerf defined a 
fanotion of a variable aa any analytical exprenion formed of the 
variable and oonatanta. He alio extended the term to inohide 
implicit fnnctiona and ohuiaified them aa algebraic or transcendental 
and alao aa single-valned or innltipie>vBlned. The diaonaaion of the 
problem of vibrating oorda led him to introdnce the idea of 
arbitrary ” functions, represented by a curve drawn at random in 
the — plane.” } 

7. Euler's definition was on the one hand widened and on the 
other hand narrowed, in coneeqnenoe of the discovery by Fontier, 
Dirioblot and others that any arbitrary fbnotion could be repre- 
sented by an analytical expression. The moat general meaning of 
the word is that assigned to it in Dirioblet’s definition, vis y is 
a single-valued fanotion of e in the interval (a, i) if a definite 
valne of y corresponds to every valne of x, where a ^x^h. 

It will be observed that the oharacteristios of a ftinction tbns 
defined might be totally different in one interval from those of the 
same function in another interval. It was known that two series, 
convergent in different intervals, might rapreaent the same function 
in &oae intervala, bnt a general mode of considering snoh facts was 
not forthcoming. This was aooompliahed by the consideration of 
Amotions of a complex variable, combined with the inevitable 
restriotimi of the meaning of the word function. The general 
oonoeption involved in Dinchlet’s definition was retained, bot 
the attention of mathematicians was principally directed to the 
consideration of "analytic” fnnotions, which were (UfftrmU»ahU 
(Oaaahy$ and Biemann) or, an equivalent restriction, capable of 
being represented by a power-aeries (Weierstraas). 

• Am. 4, math. WiUMuek , II.. AI, f 1. 

t IntniuetU <s xntlytim Osp. I., } 4. 

} Btrl. Mm., aim4e 1748, p. 68. 

’ I See Aw. 4. math. Witeveht^nea, II., AL, } 8, Note 84. 
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8. We are now in a poeition to gnup the meaning of each a 
statement as ** The series represents the function in the interval 
{a, bV 

Series were originally need to obtain approximationB to the 
valnes of fonctions. This led to the consideration of the oonver- 
genoy of series and then to the enquiry into the natnie of the 
oorrespondenoe between the two. 

Tbos. if two fnnotions can be developed in absolntely convergent 
series, we may add the series and equate the resnlt to the sum of 
the functions ; we may multiply the series and equate the result to 
the product of the fanodonB. If one function can be developed in 
an absolutely convergent series, another in a semi oonvergent arc, 
we can multiply the series and equate the result to the prodnet of 
the ftinctionB. If a fnnctiou can be developed in a nniformly 
convergent series, we can integrate the series term by term and 
equate the result to the corresponding integral of the function, and 
so on. 

Finally, some or all of these properties may be possessed by a 
function and a series in a given interval only, with the possible 
exception of isolated points of that interval. We can then proceed 
as before, for values included in that interval, with the exception of 
the singular points referred to, if snob points exist. 

We shall now endeavour to trace the elucidation of the problem 
of representmg an arbitrary function of a real variable by means of 
a series of sines and cosines of mnltiples of the variable. 

9. It was Enler who first expanded a rational function in a 
aeries of sines and cosines of multiples of its argument. In a 
paper* entitled “ Subsidiam oalouli ainanm,’* he proved that 

4 e Bin ^ ^ sm 2^ + i sin 8^ — . . . 

and thenoe that 

^■iooa^ — ioos2^+Jcos8^— . . . 

At this time the meaning of the word function was restricted to 
tiioae whidi could be npnsented by oo» onrve and it was not 

Cmm, V., 17M am. (BiMt. p. Iff). 
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ndiied that one and the nme analjtioal axpraation oonld nimaent 
one simple fnnotion in one interval and qnite another fonotfam in 
another interval 

As BO often happens, the neoessary stimnlna for the extension 
of this oonoeption of pure mathematiaB came from the stmdy of 
physios. O' Alembert showed* that the ordinate and absoissa of a 
vibrating cord, of nniform material and under a oonatant tension, 
were connected by the difibrential equation 



where t denoted the time, fi the mass per unit length, T the tension^ 
the origin being at one end of the cord and the azia of a along its 
direction when at rest. 

He deduced the integral relation 


y Be ^ (a; + a<) + ^ (® — of) [^o* « J 

but supposed the curve at any instant to be regular. 

Euler pointed outf that the solution demanded a mote general 

interpretation of the arbitrary functional symbols ^ thereby 

extending his definition of a fnntiion ) 

Attacking the same problem from a different pomt of view, 

Daniel Bernoulli gave§ as the general solution 

rat wf , a sin 2irs; iwt . 
yasosin -j- CM -j- + P — I — «* 


T 


I 


The mathematicians of the period were accordingly compelled to 
dedde between to possibilities, vis.: — 

(i.) One of the above solutions might be included in the other, 
as a particular case, or 

(ii.) An absolutely arbitrary fnnotion oonld be represented by a 
trigonometrical series. 

Owing to the narrow conception of fonotions then prevailing, 
the general view was in favour of the former sniqiositioa, as the 
more likely one. In 1766, Lagrange ebewedy that the locus given 
by the equation 

y rs a, sin « + a, 2 > + • • • + s *)n 


* Sitt. i$ VAead. it Btriin, ann. 1747. 
1 Section 6. $ Beilt, p. 125. 


t /Hi., ann. 1748 
I Ii•gIang^ (Ottrtt, L, p. 561. 
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oonld, by a proper dioice of ooefficienta, be made to pan through 
the tt 7erticei of a broken line and tihat, by inoreaaing the number 
H, it waa poraible to approximate more and more oloeely to a given 
onrve, a method emplc^ed later in obtaining Fonrier eenea.* In 
tite following year Enler pablished a method of finding the oo- 
^oienta by means of mnltiplioation and definite integrals. 

It was Fonrier, however, who not only gave the ooeffioients bnt 
was also the first to shew the real signifioanoe of the theorem and to 
extend the term fhnction so as to inolnde expressionB whose gra^ 
omisisted of detached pieces of tiie graphs of varions simple 
fnnctions-t 

He garet a proof, on correct lines thongh incomplete, of the 
following theorem 'If, in the series 2 (Otsin lkx + btwm tx), we 
+ w +«■ 

have 6, = i ^/(a) <fa : J' f (a) cm kn da : 

— «■ — V 

+ w 

K ^ (a) un jta (fa, the series represents the function /(«) 

— •» 

for every valne of » in tiie interval from — t to + w. This is the 
theorem known as Fourier’s Theorem and snob series are called 
Fonrier Series. 

10. This result having been established, the question arose as 
to whetiter the theorem were always true, or, if not, what reetrio* 
tions were necessary to ensure the convergence of the ■erie8.§ 

Feeling the necessity fw a rigorous diaonssion of the theorem, 
Oandhy ftimished a proof, which appeared II in 1886, but serious 
objections were raised against it by Dirichlet and Biemann and it 
cannot be regarded as satisfactory, f Another proof, due to him, 
appeared in the following year and may be seen, with modifications 

* Bieaiaa, VwtmmfeadhticfartiiOtJHJf^rtwtM^hUktmtea. 

i Section 7. 

i Oommunioated to the PerisUn Academy In 1807, 1811. ThSocto de la 
ehalw, 18SS. 

I Op. eeetion B (lU.) H JMn. i$ VIntt., VL 

q Otheon," On the History of Fourier Seiiea.” Pr»»,cftk$ MdUa. Math, 
Ac.( voU 2X 
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and improTntnenta, in Whittaker's Modtm Analytit (pp. 182-186). 
The first sound treatment the subject was that of Diriohlet, who 
proved* that the theory was correct for a certain oiass of func- 
tions. His proof is givm by Whittaker and his results were as 
follows 

The Fonrier aeries for a fnnction converges towards the value of 
the function at all points excepting those at which the Amotion is 
disoontinnouB and, at snob points, the series converges to the msan 
of the two vdnes of the function at either side of the point of 
discontinuity, provided that 

(l) The fnnction never becomes infinite. 

(ii.) The fnnction has not an Infinite number of dia- 
continnitiee. 

(iii.) The fnnction has not an infinite nninber of maxima 
and minima. 

These conditions — “ Dirichlet’a conditions” — are snflloient, but 
not necessary, so tb^ we may look for some narrowing of the 
restrictions thus imposed. 

Dirichlet himself, in another paper, t considered the poadhility 
of removing the first, arriving at the reeolt : — 

(a) If /(«) hecomea infinite for x^r, the series will still 
represent the fnnction, provided that the integral 
r + € 

J' /(«)d« 

r — e 

is convergent. 

He also stated that, with certain limitations, it waa poaaible to 
remove the other restrictions, but never earned vnt his intention of 
proving this. 

The task of removii^, as for as possible, these remaining limit- 
ations was tsken np by Lipschits. In a paper,| entitled Ik 
expUeationt ptr ttriu nutitimda fmeHonm wthu 

variahOiB arhiiranm^ tie., he first proved a result stated by 
Diriohlet, namely 

* CreUe, IV., 8u la oonvstveBoe dm iMm txigonomdtriqaaib etc., a.iK 
1829i 

■tOnlls,ZVIL,p,54. 


{ (Mle, LZIII., p. m 
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(h) If /(e) have an infinite number of disoontinnitiea in the 
interval from r to -i- ir, the aerkn will still rqireseut the 
function provided that, if a and b lie between — v and 
+ w, it is always possible to insert quantities r and « 
between a and b saoh that the fnnotion is oontinnons 
in tbe interval (r, «). 

He then went on to oonsider the third of Diriohlet’s conditioii&, 
relating to functions having an infinite number of maxima and 
minima in the interval (— <r, + «■}. This may happen in three 
ways; 

(L) We may be able to insert between a and b (the limits of 
the interval considered) two quantities r — S and r + fi, 
such that the nnmber of maxima and minima of the 
function /(«) between a and r — S may be finite, the 
number between r + fi and b finite, bnt the nnmber 
between r — S and r 4* fi infinite, where fi is a finite 
positive quantity which may, however, be diminished 
at wilL 

(ii.) It may be impossible to place a finite interval (r, s) 
within the interval (a, b) such as to contain only a /hu/» 
nnmber of maxima and minima of/ ( 2 ). 

(iii.) The interval (a, b) may contaiu a finite number of finite 
parts in each of which one or the other of tbe above 
irregularities may occur. 

In tbe first case we say that /(») oscillates ibr « s r, in the 
second that it oscillates in the interval (a, b) and in the third that 
it oscillates for single values of « as well as for finite intervals. 

Dinchlet’s proof of Fourier’s Theorem depended on tbe follow- 
ing tenuna 

Let jr and A be quantities fulfilling the conditions 

Let the ftinotion / (/3) be finite and continuous from the valne 
)9 ■* g to the valne fi h and let it be so constituted that it either 
oontinnally inoreasM or remains co n s t a n t thronghont the interval or 
that it oontinnally deoreases or remains constant thronghont the 
interval 
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Then the integral J'f (fi) dfi i^tproaobea a oertaiii 
9 

definite value aa the quantity k increaaea without limit and thia 

valne is aexo if ^ ia positive bat /(o) if ^ in aero. 

It ia plain that, in the caae of a fnnotiim poaaeaaing an infinite 
nnmber of maxima and minima, thia lemma ia inadeqnate. Lipa- 
cbita aooordingly proved (ioe. ct(.) the following more general 
reault 

Jjet the qnantitiea ff and A aotiafy the oonditiona 

^ <9 < * <Y’ 

Let the fhnction / (jS) be of anoh a natnre that, thronghont the 
interval (f, A), it keepa a valne between the valnea of aome oonatant 
taken both positively and negatively, and that the difibtenoe 

/(9 + S)-/(9) 

beoomee aa small as we please aa the posithre quantity 9 diminishes 
and that the difference 

/(iS + «) -/09). 

where y < /3 < A, approaches a valne (as 9 diminishea) less in 
abaolnte magnitude than any positive power of 9 multiplied by 
another oonatant. Then, as the quantity A increases without limit, 
A 

the int^ral (/3) approximates to a definite valne. 

9 

If y is positive, this value is sero. If y is aero, this value is 

By aid of this theorem Lipachita partly removed the restriotion 
implied in Diiiofalet’s third condition. Thus we have 

(s) If the function /(«) has an infinite nnmber of w>*vitna 
and minim a, it may still be represented by a Fonrier 
series, provided that, at a point of oscillation )9, 

1/09 + 8) — /09) I < rfi* where a is positive 

and e a constant. 
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It dionld be mentioned that this condition is inolnded in one 
given by Dini,* vis.:— 

+ fi)-/(j8)|log« = o. 

6 = 0 

11. We now torn natnrally to the oonsidemtion of the nabm 
of the oonrergenoe of Fonrier series. In the first place, it is easy to 
fhmiah examples of semi>oonvergeat aeries and of absolutely con- 
vergent ones, of non-uniformly convergent series as irell as of 
nnifccmly convergent series. In that chapter of his Modrnn 
Analynt which treats of Fonrier series, WhitUker arrives at the 
resnlt: 

** If a Fonrier series is abaolntely convergent for all real values 
of s, the function represented by the series has no discontinuities 
and has the same valne atSBoasatSBir. 

If these oonditions are satisfied, the Fourier series in not only 
ahsolnteiy bnt is also nnifonnly convergent.” 

I hare not been able to follow the proof of these atatanienta,t 
and it wonld appear that they are at variance with a result of 
Du Bois-Beymond's,^ viz., that there are oontinnons Amotions of x, 
the series for which do not converge for special valnes of x, bnt I 
have not seen the paper in which this result is obtained. The 
question as to the uniformity of the oonvergenoe of Fonrier aeries 
was diaonaaed hy Heine, $ who proved that the Fonrier series for a 
finite function /(is), which has only a finite number of maxima and 
miTiinia, u uniformly ooovergent if /{x) is oontinuous from — v to 
+ w (ittolnsive) and if /(w) =/(—r). In all other cases, it is 
only nnifonnly convergent in gtntralt with the exception of a 
finite number of points. 

A satisfactory proof of this theorem was given II by Gibson, 
the method being founded upon proofs dne to Heine and to Neu- 
mann and depending on the ** Seoond Theorem of mean value.” 

It. In his fhmona HabSitademoehr^ Biwmann undertook to 
prove that it was only poaidble to expand a function in a series of 
ahaes and cosines of integral mnltiplee of its argument in one way. 

Eiitoriqne ear la teprtentatioa d’oae flmotton arUtiaiie per 
nna iMe MgOBaaetnq.ae,” flaehee, p. tS. 

t Bee aim HMmxtM Oomtte, May, ISOS, p. SM. f Oltsoo, p. 1S4. 

I Otelte, LXX1. (1870). | PMoeoitOi* oftko Mo. Moth. Aeirty. XII. 

18 
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His proof involved the integntion of a aeriet term by term, a foot 
which probably indnoed Heine to ocHuider the aniformitj of the 
conveigenoe of the aeries. 

Having settled this point, Heine prooeeded to pot Riemann’s 
resnlt npon a proper buta. With thia object in view he proved* 
the following resnlt If a Fonrier aeries is, in general, nnifonnly 
convergent from jiw —t to + «■ and, in general, repreaents aero, 
being certainly finite for all valnea of x, then all the ooeffloienta 
moat vanish, so that it mnst always represent sera 

The words “in general” imply that there are to be only a 
JhtSt number of exceptional points 

Oantor had prov^ that, if two Fonrier aeries were convergent 
aitd had the same snm for all bnt a possible nnmber of valuea 
of r, their coefficients were reapectively eqnal. He afterwards 
eztend^t to inolnde the following case. 

Oonsider an infinite assemblage {F) of points in a straight line. 
There will be at least one point in the line snch that an infinite 
nnmber of points of the assemblage P lie in any interval containing 
it. lict there be an infinite number of such limiting points, form- 
ing a second assemblage which is desoribed as of the flrti order. 

An assemblage consisting of mi infinite number of limitiog 
points of is then described as one of the ssemd order. 

Forming, in this way an assembly of the vih order, we observe 
that, if V be an arbitrarily great noinber, this assemblage most 
encloee an interval (a, /3) containing no point of the assembl^ie 

Cantor snoceeded in shewing that if there were an infinite 
nnmber of exceptional points, in the theorem stated above, forming 
snob an assemblage of the WA order (v arbitrarily great), then the 
said theorem wonld still be tme. 

18. It is now necessary to consider briefly the meanu^ of the 
statement that the series nprumit (he fnnotion. In the flrst place 
there seems to be no satisfactory gtmnA result regarding the 
absolnte convergence of Fourier seriea, so that this most be ooo- 
sidbred in each special case before nwng a Fourier series to 
represent a jnnotion in operations d^nding npon the properties of 
absolntely convergent series. 

« Orelle^ LXXI. (1870). t MtXk, Atmltn, ▼, (187S). 
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The labonn of Heine and othen have determined, ae we haTe 
seen, the oonditione nnder whioh anoh Miies can be integrated term 
bj term when regarded as representing the ftinction from which 
thej were derived, and Oibson, in his paper on the ’Dnifomr Oon- 
vergenoe of Fonrier Series (a.T>. 1898), shewed that th^ might he 
diffirentiated term by term, provided that 

(L) f(x) obeyed the same conditions a8/(w) 
and (iL) / (w) was oontinnons thronghont 
and (iiL) /(— *•) was eqnal to/(+ w). 

Diridilet proved that, at a point of diaoontinnity, the series 
represented the mean value of the function. This led to a very 
interesting disoumion, brought about by the publication of some 
resnlts of great interest famished by Dn Bois-Reymond. If a 
Fourier series is discontinuous for x ■■ there is no question bat 
that, when x asHumes the value the valae of the series is 
i “ «) + / (*i + ““ty however oonsider the sum 

of a finite nnmber of terms, say ^ (x, n), and then we may, if we 
pkase, generalise the idea of the value of the aeries, when n becomes 
infinite, at the point of diaoontinnity xnx,. This does not 
oontradiot Diriohlet’s result, but simply raises the question of the 
advisability of such a generalisation. This can only be settled by 
the pro^tion of some problem of interest in the solution of whioh 
snob a^neralisation would bo helpftal. Assuming sudi advis* 
ability, jjpu Rois-Beymond shewed* that the limit of the sum of n 
terms v the Fourier series, at a point of disoontinnity Xi, oonld 
be expressed in tiie form 

A(a^-x) 

~ {/(*, + s) +/(«h - ®)} - {/(*i + 0) -/(X, - 0)} LiJ' 

0 

the limit to be taken when A at a» and x, — x o. 

If in this formnla we first put x as we get Dirichlet’s mean 
valne, if we first make n infinite and then put x « we get one or 
other of Um' values of the function on either aide of the die* 
oontinni^, aoootding as x approaohes x^ from greater or s m al l e r 
vafates. If, however, we permit these changes to take plaoe together 
we can obtain all intermediate values. 


* MtU. Jlrnttlm, Til. 
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That this nralt is of interest, no one can denj. At the nine 
time the use of a donbie limit in this manner is yvj liable to lead 
to misoonceptioDS and it is nnfottnnate that, in inlying to SaelmVi 
oriticisms (oontained in the essay already referred to). Do Boii- 
Beymond praotioally contradicted himaelf. In one plan he nys,* 
“ The trigonometrical series assamee, as ie nell known, the mean 
valne of the neighbonring values of the fnnotion at a point of die- 
oontinnity.” In soother ho oboerveo,t “ (This finmnla) rnnat be 
regarded as the proper determination of the value of the Fonrier 
aeries at points of dnoontlnaity." 

The correct attitude would seem to be that regarding the Fonrier 
aoies, as suidi, from the point of view of Diridilet, reserving the right 
to use Du BobhReymond's result for the donbie limit of the sum of 
ft terms, when n becomes infinite, at a point of disoontinnity, if taj 
problem required snch use of a series (in the first inatanoe finite). 

In the same paper, this writer gives a corresponding generaliia* 
turn of the meaning of a differential ooeiRoient at a point of 
disoontinuons ourvatnre. 

14. One or two points of some interest have been pass e d over 
in silenoe, partly owing to the limitetione of n icanty library, 
pertly owing to the lack of time. In pertionlar, I have been 
oUiged to omit any account of the reenlte given by Du Bma- 
Seymond in a paper entitled “ Ueber den Oonvergenagrad dar 
variablen Beihen nnd den Stetigkeitegrad der Fnnetkmen sweier 
Argnmente,” owing to the study of verions lengthy treatises which 
would thereby have been neoeesitated. 

I have been greatly helped by three essays, namely hf BeilTe 
6*$^tehtt d 0 r utmdUehm R$ihen, Pringsheim’s articls **1^6 
Qrandlagen der allgemeinen Fnnktionenlehre” in the famooa 
^eifklopMe tkr mathmatitehm and Sachee's emny 

on the History of Fonrier Series (Frenoh ttendation). The plsoe 
of the latter wonld have bemi filled by Gibeon’s paper, on tiu mom 
sabjeot, in the Pr<M«ding» «f tht Simbmrgh MaSimalieci SteMjf, 
if I bed hid the o|^rtnniby of oonsnlting it befim my work was 
neariy finished. The referencee eliea4y given indionte the <exteot 
of my indebtedness to otiier works. 

s 

, * 0weM»iU< d«r fWf . JlflSwi, p. 1 tibr Afs»A<«M«,eto.,p.lA 
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Note on Cobaltiferous Mispickel from 
S uLiTjELMA, Norway. 

By the Riv. Mask Fumnini, M.A., F.O.S. 

[RMd Febmwy 12, 1904.] 

Some montlu ago ProfesBor Heniy Lonla preaented to thia 
oollege aereral iaolated crjatab which ha had bronght from the 
Solitjelma (or Snlitelma) minea io Aictio Norway : they oocnr 
there in maasea ot oopper>pyritee and iron-pyritea, for which thia 
diitrict has been famed for some yearn. 

The oiyatala are of variona aiaea, ranging in length from 4 to 
8 mm. They have a metallic Inatre and aitTer>white oolonr. The 
fraotnre is nneren, and no cleavage ia visible. On a freshly broken 
amrfaoe amall yellow particlea can be seen with the naked eye; 
them atoo have a metallic lustre, and are probably iron*pyrites, 
a probabilify which is sfrengthened by the appended chemical 
analysis. The specific gravity varies from 6'94 to fi'Ofi, and the 
hardness is just nnder 6. crystak are all of a prononnoed 
ihmnbio aqieot. Three of them were measnred, and the forms 
present were found to be {011} , {018} , and {110} ; the faces of 
the ftvma {011} and {012} ate faintly striated parallel to their 
edges of in to rseetion. 

Two of the measured crystals are umple, and the third is a 
oomposito growth of two interpenetrant individuals. This latter 
approximates to a twin, of whi(^ the twin>plane is (810) ; but it 
ia only ai^poxifflation, the difference between the observed and 
angles being too large to justify the recognition of a 
new twin«plane, eqredally as this relation ot the individuals was 
only found in a siiij^ instanoe. 

The means the best readings of the angke of the aimpls 
mystals ate the fiallowiiig i— 
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Ueaeued. 

Oalonlated. 

(Oil); (Oil) .. 

80“ OJ' 

— 

(Oil): (012) ... 

19 lei 

19“ 12^' 

(012): (012) .. 

61 87 

61 84 

(110); (110) ... 

69 6 

— 


From the above angles we derive the axial ratioe : — 
a :»:eoi 0*6886:1:1*1915. 

These axial ratios snggeeted that the speoimens an OTstals of 
• glanoodote ; bnt the following two analyses hy Dr. J. A. Smjthe, 
of the Durham College of Sdenoe, show that the material is 
mispiokel, containing about one per cent, of oohalt and tims 
approaching to the variety known as danaite. 



1. 

n. 

Moan. 

Atomio ntiot. 

S ... 

.. 21-76 

... 21-96 

... 21-86 

... 0-688 

As .. 

... 42 20 

... 42-16 

... 42*18 

... 0-688 

Fe . 

... 85-81 

... 86*17* 

... 88*81 

tee 0*6dS 

Co ... 

... 1-82 

... 0 98 

... 1-15 

tie 0*020 


100-69 

101*26 

100-60 



The atomic ratios show an exoess of inn (0*090) and a still 
greater excess of sulphur (0'191) over that required by the formnla 
(Fe,0o)AaS ; this is probably owing to the mechanical intermixtnro 
of iron*pyrites, yellow specks of which on the fractured snrfaoe ate 
visible to the naked eye. 

It remains to be mentioned that crystals of oobaltiferons 
mispiokel (danaite) irom Snlitjelma wen described by Professor 
A. W. Stdsner in 18911*. these wen a oentimeue in lei^h, 
showed the forms jllO}, {Oil}, |012), and contained 6*81 per 
cent, of cobalt. 

* Dr. SmTtha remarks that in the method adopted in the asoood 
analnli tiiere was a riak of inrafflcia&t washing, ao that the lower ilgaie 
for me iron is likely to be the more oorreot. 

t A W. Stelaer, ' Die Bnlitjelma-Grnben un nStdljohea Nocwmsb. 
Naoh tlteren Benohten and eigeaen Baebaohtangen baapreohan,' JMearg 
(Saxony), 1891. Stelner'i raaults are quoted to J. H. L. Vogt in 
ZeUi. pmk, Gtel., 1894, p. 48 1 and in Bintn’s *Iltmdlmek d, Uimvmgie,* 
1901, voL L, p. 888. 
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A Note on the Use of Eater’s Pendulum. 


By OoDfUT H. Thoiuoh, B.8a 
[BMd Febmary 12tl>, 1S04.] 

In the Eater’s Pendnlnm formnla there occur two dmea t and 
t being the time of oecillation when the pendnlnm is hanging from 
the knife edge a (see fignre) and 1' when hanging from b. These 
times shonld be as nearly eqnal as possible. In the ordinary 
method of adjnsting, the movement of either of the weights A or H 
probably alters hoOi t and t. By using the following method, 
which oocnrred to me while working with this pendnlnm in 
November, 1908, it is possible to adjust ( without altering /, so 
that the use of the pendulum becomes more methodical. 

If the pendulum is hung from a, and the weight /I is as far 
below a as A is above it, then if the rod were weightless the time of 
oscillation would be infinite. In the practical case it is very large. 
Moving B a short distance down the rod makes this time smaller. 
Bat when the distance aB is considerably greater than aA, then 
increasing aB will increase the time of oscillation just as in a 
simple pendulum. There most, therefore, be a position of B for 
which the time is a minimum. The figure shows an actual curve 
where the distances aB are abscisse and the times of 60 osoillationa 
ordinates. 

The important point about this curve is that for six inches at 
least the movement of B has hardly any effect upon the time f. It 
is clear that this same movement will have a very decided effect 
upon f. We have, therefore, a means of altering t' without altering 
t. In using Uiis method as a laboratory method the sequence of 
operations is r.- 


(1) Hanging the peodnlnm from a, b^gin with B near a, and 
take the times for say 60 osmllatioiis for Tarioni distaaoea 
aB. Draw the carve and note the range over whidi B 
can be moved without altering BOt more than ^ second. 

(8) T^eaving if in the middle of this range hang from 6, take a 
reading of 60^, and if necessary move the knife edge 6 , 
till BOf is within two seconds or so of the minimnm ralne 
of BOt. It is clear that this movement of 6 will not have 
much effect npon the carve, «mm» 6 ia lig^t oompnied 
with B. 

(8) Now move B within the range till f ia aa near the 
minimnm f as it can be got. The final readinga nuqr now 
be taken. 



il and j}, hoavy movable bobs, a aod t, movable knife edgea. 
0 , position of oentre of gravity. 

Formnla; 8»' _<* + <" . <»-<'* 

T Sirrsd' 
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PROCEEDINGHS 

at nm 

Ifliwnttf pf InrtiK StiMy 

(Aatnuums fbom nn Mnnnaa). 


ThurMlayt agth October, 1903. 

Jonrr Mximro or thi Ohbkioal ahd Pstuoal ahd 
THB BIOIiOGIOAL SaoTioir. 

(Haw nr nn Oouaoi or Saamm, He. Smttbb nr sbb Cbao.) 

The iUlowing Sectional Officers were elected 

Dr. Binmiic, Chairman Seelica A. 

Mr. Roanriox, Sterttary SeetUm A. 

Mr. Mnnci Chaarmaa SteHm B. 

Mr. Wooucoif, Sterttary StaUm B. 

Mr. R. B. BwAXir wm eleoted a mamlMr. 


Thtireday, 18th November, 1903. 

Qbhbbal Hnrno. 

(Hilo ni «n oauam or Sotmoa, P oo r aeio a B m ew am 
amawABH Mb. HoDOKnr or «n Oam.) 

a 

Mr. 0, Brjner Joimi read a paper on ** The Developo 
meat of the Britiah Hone.” 

The Ber. Dr.H. Gee was dected a member of the Sooietj. 
The faUowiiig Offioon were eleoted t~ 
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Pf%$tde9U 
Tam WABinpr. 

Viet-PrtmdenU 
Pboibmob Lbbovb. 
D&. Hxhx. 
PaorMBOR Loum. 
PB 0 VS 880 & StBOUD. 
Db. Giiu 

PUMCU'AL QuBKMT. 


Hw, i^eereiarU*: 

Mb. J. W. Buumwxll. 
Mb. 8. H. CoiUNB 


OommiUet: 

PamoKPAX. P. B. Jbvons. 

Db. a. L. PnciVAL. 

Db. W. Ikt. Tbobnton. 


Mm. R. K SwAmr. 
Mm. A. Bbbkhav. 
Mitt Lbbovb. 


The Treaflorer'e report was received and adopted 


Tueaday, ist Dcceiiil>er« 1903* 

Biolooioal Ssotioh. 

(Hbu> vh vhb Coixsom or Sanurca, Mm. Man m thk Ouaib.) 
Mr. 0. M. Dodd was elected Secretary pfa Mr. Woolaoott, 
resigned. 

Mr. Meek read a paper on OamraamB Dneboni.” 

Thursday, loth December, 1903. 

OuUUOAli AHD PHTSraAL SsOTtOW. 

(BtlLD nf IBB COLLBGB Or SOZBKCB, Pb. SBTTHX Ui VHB CHAIB.) 

Mr. F. 0. Oanett read a paper on ** The bases contained 
in shale oil/’ 

Mr. J. 0. Brown read a paper on Molybdeniuii.” 


December lath, 1903. 

MATHSXATICAI4 SBoriOB. 

(At trb OoLLBoa or BmaKoa, Paorsasoa SAimov ih thb Oaiim.) 

Messrs. McEenuei Gold^brongh, Adamson and Van der 
Heyden read papers dealing with the first portion of ‘^Modern 
Analysis**’ by E. T. Whittaker. 
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Friday, lath Pebrtiaiy, 1904. 

OUKIOAL IHD PHTBIOAI. BaOTlOH. 

(HiLD Bf cm OoLUDoa or Souxob, !>». Simaa nr tbb Obaol) 
Mr. Lomu and Mr. 8. Wolff wore oleoted membeiB. 

The Bev. Mark Fletoheir read “ Oryatallograidiio notea 
on a mineral from Norway.” 

Mr. G. H. Thompson read ” Praotioal notes on the use of 
Eater’s pendnlnm.” 

Thursday, 18th February, 1904. 

OmixaiL Mmrrnro. 

(Hkls nr thb Collsos or Boumok, Paor. 8raoin> ui m Ghaib.) 
Mr. W. Hall was elected a member. 

Professor Gilchrist read a paper on ** Canada.” 


Thursday, 3rd March,^ 1904. 

Ohbxioal AMD Phtbical Sxctios. 

(Hau> nr nu Collsos or Soismoe, Pb. Smyths is ths Cbaib.) 
Mr. C. Brynur Jones was elected a member. 

Professor Louis lead a (laper on ”The Noithemmost 
railway in Europe.” 


March lath, 1904. 

MaTBSXATIOAIj SaOTIOH. 

(At tbs Collsos or Souutua, FBoraasoa EUimoK iv ths Ghaib.) 

Mr. G. U. Thomson and Proiesair Jessop read papers 
dealing with the second portion of ” Modem Analysis.” 

Thursday, 19th May, 1904. 

(HbLD U tbs CaSTLB OUBHASt, 1>B. JsVOMS UI TBS ChAUl) 

Dr. Biadshaw was elected a member. 

Dr. Gee read a p^ier on "The Soottiah ioTssion of 
Mewoastle and Dnrham in 1640.” 
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LIST OF MBMBBBS OP THB SOOIETT. 


* Dmne iM aw original mmmhmr, 

AoAm, B«y. W. R., B.A. 

ALSXAiron, F. H. 


*Axicoi7b, a. It, 

AsHBTf A.S.> BSc. 

•Bakbr, T., M.Sa 
Babhabd. Bn, Ho 5 . Lokx>,D O.L. 
*Bip 0 OK, Pbotbbsob P. P„ M.A., 
P.8a 

Bimbe, H. 

Bowhall, Mns D. E.» B.Sa 
Black, T. P,, M,A., B. 8 a 
*Bolau, R, a., li.D. 

Bbaok, Rav. M., B.A«, B, 8 c. 
Bbahkhaw, Db. F 
*Bbady, Pbowbob Q. 8 ., M.D., 
LL.D., D. 8 a, F.R.a 
Bbbvitak, A., B.Sa 
Bbowk, J. C., B.Sa 
Bbtabt, O, H., M,P. 
*Bollbbwbll, J. W., M.So. 
BvBivm, Mm K.. B. 80 . 
*Cajbkb, Mbs. 0. W., B. 8 a, 
B.Lrrr. 

Caibhb, C. W., M.Ba 
*CAMFBBLL,WlLUAM,M.Sa,Ph.P. 
Oabb» Hub A. M. 

*CAi7inr, G. W., M-A. 

COLLDTS, S. H. 

Cook, Q. W. 

OouBm, H. W., M.Sa 
OoLLBir, H. R,, M.A. 

*1>ALB, Bm David, BABir , D.G.U, 
D.L. 

DoBaK>ir, XL 
Dodjw, Roobb, A.Sa 
Dow, 0. R., B.Sa 
Dtouit, a R., A. 8 a 
Dodd, 0* K., B*Sa 


Duvcak, j. B., B,8a 
Dunk, J. T., D.8a 
FkBXB, W. W., M.8a 
Furobkb, Rev. Mabx, M.A. 
*Fowlbb, Rbv. j. T., M A.,D. 0 X. 
Uabdnbb, j. O., B.8a 
*GABBan, F. G., M.Ba 
Gbb, Rbv. H., M.A., D.D. 

Gill, B. Lbobabd {AModate 
Member), 

GiLOHmin, PBonnoB D. A., 
M.Bo. 

Godwin, Rbv. O. H., M.A. 
GoLtMSBBOuau, G. R., B.80. 
*Gbavbll, John. 

•Gray, W. R. H., M.A. 

Qbkio, R. B. 

GuRNBr, MiBf lu H., B.8a 
Walt., A. A., lil.Sa, 1%.D. 

W. 

Hatton, K G. 

*Uavblook, T. H., M.A., M.8a 
•Hbawood, P. j., M.A. 

Hbptlb, R. B. 

Himlop, Mob M. K., A.8a 

BtoDOKiN, T. B. 

Hodcmon, B. 

Holohan, M., B.Sa 
Hoicblby, B. G., B,8a 

•Howdbn, Pbobbokib R., M.A., 
M.R 

Huttt, Mias J. W., A.8a 
Jaoubi, a. 

JarfBBT, B. 

•Jbmop, PBomoomC. H., M.A 
•Jbvdbi^ F. B,, M a., IXLitr. 
JONBi, C* B. 

KnouN, Tbb Vbbt Bar, Dban, 
M.A.,b.D. 
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Laitobaia. a. O. 

Laws, A. B.So. 

*LiBODm, PaonMOB G. A.,M.A., 

M.8a 

Ldovb, M» M. V,, KSa 
*liO 0 ii, PBomsoB HiarBT, M.A., 
A.RaM. 

LoTiBOfn), J. L., M*A. 

Ltlb, R. P. RankbiTi M.D. 
liAcnCt G. 

IfAwmi, J. 

IfABoifs F, B. W„ B.Sa 
IfAnBiws, MmO. 

ICaxwbix, W. Wm A.Sa 
MoKamu, E.| B.So. 

^Mbbx, A., M.80. 

Mekbutk, a., RSa 
liiLBcrmv, W« 

^Hbbi, j. T., Pe.D., D.aL 
UoLMt T. W., B.BO. 

^Mubbat, PiofBssoB Gboboi, 
lf.A«, M.D. 

0 wB 5 , PmiNOirAL Sib Liambabd. 
O’OovKOB, Mias R. 

OuilTVD, 0 . W. 

^PAvmsoir, B J., M.Sa 
Pbabob, Rkv. R, J„ M.A., 
D.IX 

*PBAjOooic, Mw M. L, A Sa 
*Pbboival, a. L, M,D. 
PamoBBw, J. 

*Pbiiifson, PsoFassoBSiBG. H., 
M.A.. M.D., D.aL. 


Phujtsov, W.y A.8a 
*PoTraB. PBonasoB M. at MJL 
Pom, G., B.Sa» PH. 1 X 
^RaDMATBS, R. R, M.A. 
RiohabmoBi W. G., M.D. 
Riddkll, j. W. 

RoantsoN, A. 0., BJ3a 
Rouja, C. I B.Sa 
^SAnnoK, PBomaoB R A»» M. A., 
B.SOa, FaR.S« 

SaovT, A., R80. 

Smith, R P., RSa 
Smith, R 

Smtthb, j. a., M.Sa, Ph.D. 
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Sp ark-gap Exper iments for D etecting B apio- 

ACTIVITY, AND SOME PHOTOGRAPHIC BebULTS 
SHOWING THE GrEAT PENETRATING PoWER 
OF Certain Radium Rats. 

By PBoranoB H. SfBouit, M.A.t D 8a 
(Read Febmaiy Sth, ISOS.] 

Duriiifir tlu» Seasiou 1902-1903, Mr. T. P Black made a 
aerum of experimenta in tkc' Phyaical Laboratory of 
Anastrunfi College on the ronditiona detonuming the pro- 
dnotion of apaika at one of iao alternative apark-gupa, when 
theee apark-gapa were aubjeoied to auddcn electric diachargea 
from the exterior ooatinga of Leyden jara. In May, 1903, 
he found, other things being eqnol, .t ladioaotive aubatance 
would determine where the apark ahould paaa, and thua a 
aenaitive method for detecting radioactivity waa obtained. 
His experiments on the penetrating action oi the y rays from 
radium were described in Eleetrusian (vnl li , p. 732) Smee 
1903, these e^ipenments have been continued, and the author 
showed tiie improved arrangement now adopted 

The plan of the experiments is somewhat similar to that 
Maidoyed in the sudden discharge effects studied, by means 
of Lichtenberg iigures, by the late Lord Armstrong and the 
author. 

The interior ooatinga of two large Lejrden jars are 
charged by a Tudsbury’ influence machine, the exterior coat- 

‘ TUs maobJaa la ol tba Wunahotat typa, W tha aMmaa parta a*a an. 
al oaii u a eaaa onatalning oarboa dloxlda aadar pratanra. Tm aaoal peas- 
ins is from M to SO pouSbi par iqaaia iaeb. 
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* 

ingi, to facilitate ohargiufft being joined together by a long 
ooilf Gy of many tarns Tbe exterior coBtings are also oon* 
neoted to two aimilar apark-gapa, (1) and (8), between amall 
balls about one millimctro apart, arranged in parallel. 
When the main spark of the machine occurs, a sudden dis- 
charge is produced from the exU^rior coatings of the jars, 
and noiay, owing to the impedance of the coil, 0, give a spark 
at (1) or (2) or both. 

The length of the machine spark is so adjusted that 
sparks do not always pass at either of the spark-gaps (1) or 
(2), when no radioactive substance is near either gap. 

The object is to make the discharge as sudden as pos- 
sible, because under these ciicumatances it is found that 
any inequalities of the surfaces of the bolls at the spark- 
gaps produce little effect, and tlio gap where the spark 
occurs will be detennined by the ionisation of the air be- 
tween the balls of the gap. 

Experiments were shown m which a lead slab one inch 
thick was placed near each sparic-gap and ffvo milligrams 
of radium bromide in the usual mica-covercil box, enclosed 
in a gloss airtight cell, were arranged successively on the 
sides of the lead slabs away from the spark-gaps, (1) and (2). 
The radiation had thus to pass through an iuch of lead in 
order to affect the gap. It was shown that the spark was 
determined by the presence of the radium box next the 
lead, taking place at (1) when the box was next the lead in 
the neighbourhood of (1) and at (2) when the box was next 
the lead in the neighbourhood of (2). 

A piece of pitchblende near either gap was also shown to 
determine that the spark occurs at that gap. The same was 
shown in the case of a piece of uranite. 

In the spring of 1904, the author mentioned in letters 
to Nature and Electrician that he had obtained photographic 
reproductions of the parts in relief on coins by means of 
radium rays. 

In one case ten milligrams of indium bromide, con- 
tained in the mica-covered box, were placed on a pile of 
thirteen pennies supported three or four milliinetres above a 
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photographio plate on whioh a sixpence was directly laid, 
the sixpence being immediately under the pile of pennies. 
After three days’ exposure in the dark, a picture of the 
parts in relief on the sixpence was obtained, the raised parts 
being dark in the positive. 

Next a half-orown and somo sixpences were exposed on 
a photographic plate about fonr ems from ten miUigrama 
of radium bromide for ten days and it was found that all 
the details of the under sides of the coins were clearly re- 
produced. » 

These experiments indicate how, with coins directly in 
contact with the photographic plate, the outline of the raised 
parts is distinctly shown, the clearness of the details being 
obtainable by the nearness of the coins to the plate. 

Several experiments illustrating radium phenomena were 
shown, one, illustrating the power of radium rays to dis- 
charge elec^tnfied bodies, was of a simple and interesting 
character. A Leydeu jar was c^rged, and the knob ar- 
ranged just beneath the point of support of a pith ball sus- 
pended at the end of a silk thieud, the knob and ball being 
at about the same level The ball was charged and re- 
pelled. On bringing the radium Ikix near the pith ball it 
was discharged, and fell back to the jar for another charge. 
The effect of the rudium on the Leyden jar chargt^ was so 
slight during the short time m]uire<l to discharge Ihe pith 
ball that the action could be repeated a large number of 
times. 

If the radium was left a few inches from the knob of a 
moderately charged Leyden jar, the pith ball was discharged 
and remained in contact with the knob of the Leyden jar. 
In this case, if the radium was covered with a thick (half 
an inch) layer of lead, the pith ball was repelled, and fell 
back in contact with the knob on removing the lead. The 
band was also shown to act similarly in place of the lead. 
If a very thin sheet of lead was used then ihe ball was re- 
pelled and fell back again slowly, and so on for many times 
without farther action on the ^trt of the experimenter. 








197 


Notes on a Co ntact Rock pbom the IsIjAnd of 

JMutL. 

By John AamnoNo Gbmns, M.B0.1 Pb.D, 

[Read F«braury iMf 1900.] 

The flpeoimen to be described was found ut the junction 
of the basi<s and acidic rocks which make up the mass of 
Beiim a Chraig, a hill rising steeply to u height of 
feet from the shores of Loch na Keal in the Island of Mull 
The north «8ide of the hill is of basic rock and the junction 
of this with the acidic rock on the north-west of the hill, 
whence the specimen was gpt, is abotit 1,000 feet high. 

A thin slice made of this contact rock shows the follow- 
ing oharaoters : — The aeidic rook is a Granuphyre somewhat 
decomposed, consisting largely of felspar and quarts, with 
a litUe altered mica. Micropegmatite is well developed. 
Tho basic rock is a Dolerite, with felspar largely predominate 
ingy and augiSe in granular patches. Embedded in it is a 
large pbenooryst of a felspar allied to Labradorite and well 
twinned. A xone of corrosion surrounds this crystal and its 
angles are rounded ojEF. 

The junction of the Dolerite with the Qranophyre is a 
thin band of green contact minerals,^ with a fairly straight 
edge on the Imaic side, but somewhat jagged on the side of 
the Qranophyre, the irregularities fitting round crystals of 
quarts and felspar. In other words this band is allotrio- 
morphic with respect to the components of the acidic rock. 

Piercing this band of contact minerals are three offshoots 
from the Oraiiophyre, two of which come to a head in the 
phenooryst, while the third, bursting through this, passes 
into the Dolerite beyond. The general trend of these 
apophyses is along the twinning planes of the crystal. In 
their course they have faulted the phenooryst in several 

' ThsN ooQteoi miiMrsU are hstwogsnsoos, mad not gUsiy. UnfovUii. 
sUly the dkU wm lost Mon tb^ wars ferthtr •wmiaod. 
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places. A fourth offshoot, bearing the phenociyst, has its 
foot sealed off by the band of contact minerals. The 
material of the offshoots is micropegmatite mixed with smsdl 
quantities of green contact minerals. In one case, two of 
these tongues from the acidic rock unite a^dr passing 
through the phenociyst, and form a nest of hneropegmatite 
in the midst of the basic rock. 

From the observations just detailed the physical history 
of the rock may be inferred. The first stage of which we 
have evidence is the formation of felspar phenocrysts in a 
basic magma. Those were afterwards corroded hy the 
magma, the second generation of felspars was formed, and 
the whole consolidated. The resulting Dolerite was then 
invaded by an acidic magma, some of which was squeesed 
into cracks in the basic rocks, and there solidified, forming 
the apophyses. Metamorpbism now set in at the junction of 
the two rocks, resulting in the production of the green oon> 
tact mineral^. This was followed by the solidification of 
the acidic magma into Granophyro, and then by the con- 
solidation of the band of metamorphic minerals. 

Thus the intrusive nature, and, therefore, the later age, 
of the acidic rock, can hardly admit of any doubt ; and the 
evidence of this section confirms the view now generally 
admitted, though once strongly opposed, that the acidic 
rooks of the Western Islands of Scotland arc of more recent 
date than the basic rocks. 

The productions of two microphotographs of this rock* 
slide are here reproduced. Hie magnification is about 12 
diameters. 
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HoTEs ON Abnorm al Flowers of Lilium 
Mahtaoo n (Linn .). 

Bt AftTHim BuifirAir, B.Sc 
[RMd February 23rd, 1905.] 

Matorial was collected in the summer of 1904 from a 
plant of Turk’s Head Lily {L^linm Mariagon^ Linn.) for the 
soke of the large stamens and oTaries which are convenient 
for laboratory work. The flowers were gathered when just 
about to open and the stamens and ovaries preserved. 

About twenty flowers were collected from one plant, but 
only one exhibited any deviation fn>m the normal type. 
The abnormality was only observed on the removal of the 
perianth leaves and was soon to be confined to one stamen 
and the lower portion of the pistil. The remaining five 
stamens were quite normal externally, and on siibsoi^uent 
examination un<lcr the microscope were found to be almost 
fully developed. The gymeeium, however, consisted appar- 
ently of two nearly mature carpels, tho third carpel being 
reduced to a Idng, narrow strip jind coniaiiiiiig no ovules. 
This carpel was displaced and its normal position occupied by 
tho stamen which had become joinwl to the ovaiy. Tho style 
was but poorly developed and tho stigmatic surface at the 
top was very much reduced. Although two of the carpels 
contained ovules, it would appear to be improbable that any 
seed would have been produced. 

A microscopical examination of a section taken through 
the junction of tho stamen and the ovaiy showed that fusion 
of the tissues had occurred in the upper portion of the 
ovary only. A common epidermis joined both stamen and 
carpels. One half of the stamen was quite normal in appear- 
ance, possessing fibrous and tapetal layers with mature 
pollen grains in the loculi. At the point of junction soft 
parenchymatous colls replaced the fibrous and tapetal layers. 
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The vaeoular bundle luaally present in the centre of the 
stamen was fully developed. Of the carpels one seemed to 
be of ordinary appearance and contained the usual two rows 
of ovules. The second and third carpels were joined to 
the stamen and one half of each had a characteristic normal 
appearance, vascular bundles, parenchyma, and ovules being 
nearly fully developed. Each contained bat one row of 
ovules. 

The following summer (1906), the some plant was again 
examined and there were found to be three abnormal 
flowers : in two cases stamens had again fused with the 
ovary, and in the lemaining flower, C, the perianth and the 
stamens had become united. 

The deviations from the normal type may be seen in the 
following table: — 


IMitm Markt^m (Idinr ). 
W\9nl VocttraUL 


Normal 

. Pw Aj+s Oik 

A190i 

Phs Aj+1 (AjO J 

B1005 

Ps+3 Ai+I (A,0,) 

C1905 

Pa n Ai^^ (PjA,) G(i) 

D1905 

, P|+i As+tt (A,0,) 


Oas oarpd mther rsducMni. 

Style sad stigms sbeent. 

pistil wss bent t one part pen« 
enth end two ■temene ebeent. 
Two perU penenth, two etemens 
sad 006 oerpel absent 


The absence of the stylo in the case of flower B would 
appear to indicate a reversion to a type approaching that of 
the Tulipa (to which Ltlmm is closely allied), where the 
style is normally absent. 

In the case of flower C, where a fusion of a part of the 
perianth with two stamens has occurred, it may be held to 
indicate possibly the commencement of the modification of 
the stamens into porianth leaves, which would thus produce 
the so-called “ double ” flower.* Double flowers are more 
or less normal garden varieties in the case of the allied genus 
Tvltpa. 

In three oases (A, B, D) out of four abnormal flowers it 
will be noticed that the stamens and the gyncecium have 

> SMmMtn, JomuU pf fiolotw, IMS, v«L U., p. 177. (Otats we quoted ti 
doable floweM ooovnteg m L. ftbrtefea ead L, mmMhim.) 
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become fimed. Masters^ records a case of TMmm laneifolium 
where stamens had become united with the perianth. Ho 
considers that “ adhesion as a normal occurrence, is usually 
the result of a lack of separation rather than of union of 
parts primitively separate.** 

Seringe® has observed that the substitution of segments 
of the perianth for stamens occurs not infrequently in 
Liliuvi and further notes that in LiUum 

cmdidum the segments of the perianth may increase greatly 
in number from the two whorls normally present. 

A case of Ldium ttyrnium^ is noticed by Masters, where 
“ stamens were developed in the form of carpels adherent b> 
their edges so as to form an imperfect tube or sheath uruuud 
the normiil pistil.’* He tiguros one where “ half the 
structure seems devoted to the formation of ovules, while 
tho other half Innirs a one-cellod anther.’* Lind ley* has 
also desf'rilxMl similar changes in the rase of a species of 
AmaryUm, f’elukovsky® dcscrilwH with figures cases of tho 
modifications of stamens in Rona chnensis and Dtcinninm 
(dhiis. ' 

Many theori(»H art' put forward to account for these 
curious “ sports.” Some writers’ nssuinc that irritation of 
some kind or other provides a siiiuiilus to which the plant 
responds in the production of these peculiar and interesting 
forms. 

It is certainly remarkable that all the flowers on the same 
plant are not affedted apparently to the same extent and 
in the same manner, at all events not in this particular caw' 
of L. MaHagon^ where only four in two years were abnormal 
out of a total of 48 flowers. 

* MmUm, VegtiaUe. TtnUoioffiff 18W, Book I., p. U. 

>/6M<.,BookII.,p.28p. 

^ ibui., Boc^ IL, pp. a064W7. 

* Lindley, Theory q/ H^iaUiurt^ Moond edition, p. 82. 

* CeUkoviky, “ Terstologledhe Beltrttge nr Morpkolog^hen Dentang 
dee StoahgellMoe, Pringeh^ JahH>nck/ltrWim, 1878, Mud xL 

* StouOmrger, LeJirbuck der BDUmik^ leooad Ifinglish editicm, 1W8, p. IM ; 
Ooebel, Orgtmography PtanU^ 1800, Pwi L 
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Fig. 1.— Flower A, oolleoted 1004. The perknth end nomuJ Htameni 
removed ; y, gynoecium i a, etigm^ } b, etyle ; c, ovary ; ca, third 
carpel ; gt, sUmen, without a filament, coneisting solely of an 
anther. A section through the point of junction of the ovary and 
the itamen is seen at the side. 

Fig. '2.- Flower B, oolleoted 1905. The perianth and normal stamens re- 
moved as before ; ff, gyna>eium, without style or sUgma ; m/, 
stamen, without filament. 

Fig. 3,— Flower C, collected 1005. All normal structures removed, except 
two parts of perianth and one stamen ; a, stigma ; b, style ; r, 
ovary ; tmI, normal stamen ; up, normal part of perianth, with 
nectary (ne) ; op, of penanth with fns^ stamens « and y. 

Fig. 4. - Flower D, collected 1900. The four normal parte of perianth and 
the two normal stamens removed ; r, ovary, with external ovules 
t ^ ^d s/', stamens. The two drawings show the front and 
liaok views respectively of the gyncecinm and fused stamens. 
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The Pkr-Gla cial “ Wash *’ of the Northumbeb- 

LAND AND PuRHAM CoAL-FlELD. 

By David Woouaoott, D Sc*. 

[Read Maroh 1905 ] 

The “ Woflh " is tho most peeiilinr and intorcstinff pro- 
Glaciul valley of the northern coal-fiolfl Its lower course 
from Durham to its junction with the nuiiii pre-Glacial 
valley of tho Tyno was worked out by Nicholas W^ood and 
K. V. Boyd in 1804,^ and its relation to and connection with 
the other valleys of the two north-eastern counties have been 
discussed in my paper on the Superiicial Deposits and pr(>- 
Glftcial vallej's of the Northumberland and Durham (*oal- 
field.”a 

In tho latter work it is shown that tho upper Wear and 
its principal tributaries How over boulder clay and other 
surface deposits in well-defined valleys, which must have 
been developed by water-action prior to the Great Tee A^e. 
The ancient water-course of the upper Wear extouils in an 
easterly direction to Bishop Auckland; where, l>cing joined 
by that of the pre-Glaeial Gaunless, it suddenly turns to 
tho north and follows a clearly defined courso thiough 
Durham and (/hester-le-Strcet to Norwood New Pit near 
Dunston, whero it dobouches into the valley of the Tyne 
The ‘‘Wash,^’ therefore, starts at Bishop Auckland and 
terminates at Dunston, its total length being about twenty 
miles. I< is manifestly the continuation of tho valley of 
the pre-Glacial Wear and was tho path along which the 
waters of that river flowed before the Ice Age. Several 
tributary streams entered it, the chief from the west side 
being the Stockley, Deernoss and Browney ; while from the 
east a confluent merged into it by Bowbum and Shincliffe^ 

> **On a *WMh* or 'Drift* through a portion of the Oosl-floki of 
Duriism,” IVotut. JV. Iwd, Min. Imp., toL xiiL, 18^1864, p. 69. 

■ gmri. Jfmr. Oed. Soc. t^Limdcn, voL IxL, No. Sil, Fsb., 19016. 
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and also one by Sherburn Doubtless many others also 
joined it, but more detailed and local work, than has at 
present been clone, would 1 m* necessary to determine these. 
The trend of the principal valley and its chief tributaries 
can l>e distinctly followed by field-work, because th<*y are 
almost continuously flanked on either side aloi}>f the whole 
of their course by oxpo8ur(»8 of roek, which rise from under 
the widely-spmul mantle of drift; but its exact path, and 
the slope of the r(K*k-aurfaec over which the pre-Glacial 
waters flovied, could only be accurately traced by the 
numerous Imrings which have bc'en made along it. These 
pass through the supcM'ticdal deposits down to the bed-rock, 
and after careful exam mat ion cd the data it is imssiblo to 
strip the surface deposits from the country and obtain the 
piesent direction and inclination of the ancient thalweg; 
and, if there have been no great different ial movements since 
the formation of the valley, the actual slope of the old 
river-bed. The aeconipunying map of the Wear, “ Wuab 
and Tyne shows the direction of tho “Wash*’ and its 
tributaries, and the relation of it to the principal pre-Olacinl 
valleys and their confluents. The nltitiule of the rock above 
and the depth beneath sea-level are shown by numbers pie- 
fixed with a + and — sign respectively; and the parts of 
tho country where the rook comes to the surface arc shade<l, 
the whole of the rest being covered by surface deposits 
formed before, (hiring or after the lee Age A full descrip- 
tion of these formations will bt* found in my pa])er already 
referred to.^ 

My special purpose in this paper is to deal with the 
slope of the thalweg of the “Wash.” It is particular!}* 
interesting that the borings prove the present inclination 
of the l>ed-roek along this valley to be uniformly north- 
wards, except at one point where the evidence is not con- 
clusive. 

Tho borings- — which can bo clearly followed on the 
map — along the “"Wash” from Bishop Auckland to ?^or- 
wood New Pit are: — 

» Qvnrt, Jour. Oeol. See., voL bri, No, 241, Feb. 1006, pp, 85.7*. 
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lOOKlUjr 

AlUtude. 

DeiShof 

■U|iortlol»l 

Hdfbt of rook 
Hirteor sboTo 
or depth 
tMmeath 



ilAjMlla. 

fW. 

TtlT"' 

1. Biihop Auckland 

300 

81 

+210 

2. Fage-Bank Colliery 

258 

108 

+ 160 

S* Butterby Mill 

270 

I.Vl 

i^lL5 

4. Elvet Colliery 

- 

120 

0* 

5. Newton Kali, Framwellgate 

230 

233 

- 3 

6. Ford Cottage, west of 
Coi'ken Hall 

40 

90 

- 60 

7. Chesterde-Streot 

41 

134 

- 03 

9. Brown's Buildings 

110 

n 

— 55formore 

0. Near Kibbleswortb .. 

50 

161 

-111 

10. Laroesley 

50 

166 

-116 

II. Near High Team 

25 

158 

-133 

12. Kora ood New Pit 

16 

156 

-140 


* The rock.flurfAoe Hoe elightly below eoA-level at this pomt, m proved 
by workmge ia Klvet Colliery 

t Till* boring waa duKiontlnnod in the euperfioial depoeite after paeeing 
through 160 feet of then. 

Tho proHout Hlop(* of th<‘ nu^k iiiulorlyinff the surface 
formutioiis is from 211 ) foot alnm* stui-lcvel to 140 feet 
boiicatli ill a distance of ulNjut t^\tMity miles, or a fall of 20 
feet per mile. The surface of ili(» country at the piesimt 
time aloiiff the same route is inclined at almut 8 feet pi»r mile 
We should naturally expect this great deelivity of the* 
ancient liiinl surf.uH*, as the iimtii-east of Kngluud, prior to 
the Glueifll period, when the “ Wash was btung denuded, 
stood several huiulriMl— probably us much as 000 -feel 
higher than ut present,^ and the “ Wash,” lower Tyne and 
Wear Mere the higher regions of the valley track of a river 
system, to whieh Dr, Sniythe has suggested the name Strath- 
Tyne might In* given. The streams flowing down these 
valleys, especially those that were tributaries of the main 
Tyne, as we have proved that running along the Wash ” 
was, would be of a torrential nature, and must have erculed 
their beds at a rapid rate; while Ibeir width proves that 
the valleys had been subjected to sub-aerial denudation for 
a prolonged periinl before the beginning of the Ice Agi*. 


* Quart, Jour, Otof, Sor.^ vol. Ixi., No. 241, Feb. 1906, p. 75. 



Fig. 1/— Mai* oy Wear, “Wabh" akd Ttne Pri-Olaoux. Vauatb. 

* I deairA to eiroreM my beat thuiRa to the Connolt of tho Oeologtoel 
Soe&oty of Londoo for gnuKting permSotlon to iiuert this msp in the pres en t 
p^eip* 





The preeent slope of the bed-rock is shown in the 
nccompnnying dia^rrnm, which gives the positive and 
negative altitude of the rock reckoned from soji-level along 
the line of the “Wash.” It is clear from this that the 
inclination of the bed-rcwk is a fairly uniform one in a 
northerly direction, the only part at which the evidence is 
not so full as might be desired is at llrown's Buildings, mid- 
way between Chester-lc-Street and Kibblesworth, where the 
boring was discontinued in the snpcriicial deposits. It is 
otherwise very remarkable that the declivity should be of 
such a regular nature, as the ebant^e that any boring shall 
lie along the actual route of the thalweg or deepest part of 
the ancient valley is slight; and also it is very probable 
that ditferential movements of the land may have taken 
place in the north-east of England since the pre-Olaciol 
period, as I have endeavoured to prove while dealing with 
the valley of the Tyne, and altitude of the raised beaches of 
the east of Durham, in the paper to which reference has 
already been made * 


I 



When the lo© Age passed away the rivers of North- 
umberland and Durham received new life, and in their upper 
reaches mainly flowed in the valleys they had done prior to 
the period of glaciation. Although the ancient water- 

• OiiarC. Jmtr^ Gr«a7. Aie. Lomdmt voL bcL, N®. 941, Fsb. 190ft, pp. 

ftOsalm 
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oonrses were probably filled with drift to a much greater 
depth than at present, as the altitude at which the river 
terraces of the Tyne are found clearly proves, yet they were 
never entirely so, and hence the higher parts of the old and 
new river systems agree; but in the less elevated country 
where a great thickness of boulder clay, reaching at present 
as much as 2*'l8 feet, filloil up the pre-Glacial water-ways, 
the rivers left the trend of their old courses, there cutting 
through boulder clay, hero through rock, and at other places 
breaking entirely away from the line of the existing valley. 
The Wear flows chiefly over boulder clay from Bishop 
Auckland to Durham, then it pierces through rock at several 
places between Durham and Chenter-le-Street, near which 
town it leaves the Wash ” and flows along an entirely new 
post-Glacial course to the sea at Sunderland, breaching the 
Permian oscarpmont on its way. Part of the “ Wash ” 
between Ohcster-lo-Street and Kibblesworth becomes the 
water-shod between the Wear and Team, the latter river 
occupying the northern part of the “ Wash ’’ (see map, p. 208). 
The following sections across the ‘Wash/’ from the paper by 
Nicholas Wood and E. F. Boyd, show the relation of these 
rivers to the Wash ” 



Ag. s. 


Since the Glacial period it is manifest that a consider- 
able thickness of the drift of the northern coal-field must 
have been removed and the whole surface of it entirely 
altered. On this area there are but few parts Vhere any- 
thing approadiing the original configuration of the super- 



fieial depoiita romainB, as the whole contour has been much 
changed by subsequent erosion. The deposits of sand and 
graveb "which are found along the Wash ” above and near 
to Durham City are not terminal ” moraines, as stated by 
some geologists, but their present mound-like contour has 
been produced by the denudation of the Glacial deposits 
subsequent to their formation. 


a b 7V<m. 



DsscBimoK or Piouais. 

Fig. l.—Msp of the We«r, "WmIi” and Tyne pre-QIaclal vsllayi, on s 
Male of tour inohee to the mile. The dots indicate the poiitioD 
of the principal borings, and tbs nnmbsri give th^ positive and 
negative*altitode of the rookaurbwe. height of rook-surface 
on the higher groond, as obtained from the Ordnance-Sorvey 
maps. The parts of the country where the rook oomes to the 
sorfaoe are shaded, the blsnk portloiu are covered by loperfioial 
depoaits. The direction of the chief pce-GUcLal valleys are indi- 
cated by arrows, and the present oonisss of the rivers are slso 
shown. The thick broken Una repreaota tha trend of the 
eeoarpmeat of the Magnesian LiineBt(Hie. 

VIg, 8,— IMagziua showing the positive and negative alUtode of the bed- 
rock along the “ Wash” from Bishop Anokland to Norwood ifew 
Pit The data are obtained from the taUe cm page 807- 
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Fig. 3* —Crow Moiion of the ** Wwh*’ from Rod Rom Soil Pit to Lumloy 
Colliery. The pre-GlMiol Tolley ie Uenodod in the Cool Meoeoreo. 
It hu been filled in with Qkdol depoeiU* <m top of which the 
River Wior fiove. 

a-Rod Rooa Holl Rt. 
h end r «> Boreholes. 

d Lmnloy Colliery. 

Fig, 4. - Seotloii aoroee northern end of ** Wash " tteor It* jnnotion with the 
pre-Glaoiol Tyne. The volley le denuded in the Cool Meosores 
through tho Benihom ond Five«qaorter aeoms down to the Hatton 
seam. 


a -• Fomooree Colliery, 
b Norwood Colliery. 



The Effect of Light ok Selenium. 


By GoDPaar tmoxsoir, B*8o. 

[Bead April S7th, IWML] 

I. — ^Histokical. 

The discovery that seleniuiu chants its resistance m 
light was announced by Mr. Willoughby Smith^ in 1878. 
In the yean immediately {ollowing many experimenters 
worked upon the subject ^ and their results may be summed 
up as follows; — ^the effect is due to the ruya and not to 

the heat rays. The fall of resistance on exposure to light is 
quicker than the rise on darkening. The resistance 
diminishes with increamMi £ M.F. The resistance is always 
least zn the directum in which the first current has passed 
through. A current can be produced in the selenium by 
exposure to light. Only the crystalline form of the element 
is a sensitive conductor. 

Various theories were advanced and much work clone 
without any veiy definite result. About 1880 Shelford 
Bidwell ^ began to experiment with selenium and advanced 
a theory which is widely although by no means universally 
accepted; this is, that the conductivity is duo to the pres- 
ence of metallic selenidcs. In all the preparations of 
selenium before this time, metallic electrodes had been used, 
so that undoubtedly selenides were present. He showed 
that pure selenium is a comparative non-conductor. Pure 
selenide, although a good conductor, is not sensitive to 
light, about 3 per cent, selenide in selenium being best. 
In support of his theory were the further facts that selenium 
oonduots like an electrolyte^ giving a polarisation ourrent, 

‘ WUkmghby Sml^, 8tU%nujH*tt /ofcrw., voL ft, p. SOI. /Voc. Soc, TWeg. 
Sags, 

* W. O, Advns, Proc, Roy. goc., voL BS, p, 080 ; voL 24, p. 163 ; toI. 

p. 118 firHb R, K Dsyy. ihfMiiii, ITM. Aim., n»L 84, p. &5. 

^ Bidwell, J^a<.,voL^pL U I vsL 82, pp. 167,210. Phii. 

11, p. 808 I voL 20, p. 178 I voL 40, p. 288* 
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and that the reBi«tance of preparations with metallic elec- 
trodes always sinks slowly, finally falling quite suddenly to 
a few ohms. This ho explains as due to the formation of 
a bridge of seleuide, and showed that the application of a 
high voltage burnt this short circuit out, when the prepara- 
tion again had a hi^ resistance. This view is supported 
by an experiment described in Part 3. The most convinc- 
ing demonstration of Bidwell’s theory is, however, that he 
succeeded in preparing a mixture of sulphur and metallic 
sulphides so as to be also sensitive to light. He thought 
that the light aided the formation of aelenide and thus 
assisted in the chemical changes of the electrolysis. He 
coated a copper plate with flowers of selenium, and, on 
covering up a portion and exposing the remaining part to 
light, obtained a photographic efiect due to more selouide 
Being formed on the exposed part 

His explanation is obviously incomplete, since it takes 
no account of the necessary presence of free selenium, and 
in 1903 l^und ^ advtuiccd an altered form of this idea. He 
thinks with Bidwell that the seleuide conducts the current 
as an electrolyte. The ions, however, have to pass through 
the mass of selenium in which they are, so to speak, dis- 
solved, and this sel<mium for some reason offers less resist- 
ance to their passage when under the influence of light. 
In his theory, therefore^ the free selenium present is the 
sensitive part. He was led to this conclusion by his 
experiments to find the point of the spectrum giving the 
maximum effect. He found that this point was exactly the 
same whatever the metal forming the selenide present and 
reasoned that if the light affected the combination of metal 
and selenium it was probable that the length of light wave 
would depond upon the metal used. 

The Bidntgen rays have an effect on selenium p^para- 
tions comparable with that of light the rays from radium 
l^ve also an effect.* 

* A. H. PfuMl, PkU. Mag., Jsa., 190S, vol 7, p. 2S. 

* Perrsikii, CStmurfM Aowiiu, 189B, nd. 12S, p. 900, 

* Bus. 1901, TOU ISS, p 914. F. HsmsMdt, 

Ann,, 1991, v6L 4, p 530. 



TI. — PosKiBiiK Pkkmanhitt Effect of Liottt ow SELBrarif 

wutiE CaYSTAiusiti'i;. 

If one accept* proviBionally the Hidwell-Pfund theory, 
the question presents itself. What is tho change in the 
selenium when it is exposed to light, whereby it allows 
the selenide ions to pass more readily Here one must 
remember that the ©flPect of light on selenium is not instan- 
taneous, and that when it is again put into darkness a rise 
of resistance goes on for hours. One possibility which 
suggests itself is that some change occurs in the crystal- 
lisation. If this is the case it might be possible to get a 
permanent effect on the crystallisation by exposing to a 
strong light during the pro<^esB of crystallisation. As a 
preliminary experiment seemed to show an effect, more 
careful experiments were entered upon. The first cells used 
were of Rhelford Hidweirs typo.^ A piece of mica is nicked 
along the edges and two wires wound on it, one starting 
from one end on the odd notches, the other from the other 
end on the e^en notches. Selenium is melted and spread 
on like butter and then crystallised by being kept at about 
308°. They are kept hot for three or four hours and then 
cooled slowly. The method was to make such a cell in the 
dark, measure its resistance and sensitiveness, then remelt 
it and reciystalliso in the light of an arc lamp and repeat 
tho operations many times. The wires, however, which 
expanded on melting, always settled down into new posi- 
tions, BO that no interpretation could be put on the results. 
Nevertheless they seemed to point to an effect in that the 
resistance when crystallised in light was high and viu versa. 

It was not found possible to make two cella sufficiently 
like each other to compare directly, and the alternative 
meihod seemed to offer most hope. Cells were made with 
solid electrodes of metal and of carbon of various designs. 
The trouble with these was that the selenium always made 
its way down between the electrodes and the non-conductor 
used to separate them. Casting a piece of selenium and 
crystallising that and measuring the resistance as the oast- 

’ BiMlfocd fikiwsih Nofttre, voi iS, p. sa 
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ing was prMMd batwem pieces of tinfoiT was tried. TXe 
resistance depended too much on the pressure and nature 
of the rontacts and also the surface was too small. Finally, 
u cell was made of the Shelford Bidwoll types hut with 
portvinin instead of mica, narrower than formerly and with 
wire which does not expand on heuting.® To be able to 
crystallise this always at the same temperature a naphtha- 
lene bath, kindly lent by the chemical department, was 
used. The results wore: — 

BMutoaoe, 48*B irngohont slier GrystoUisotioii in light 
,, 44 3 „ in wkneM. 

», S9-7 „ „ la hghi. 

M 41*3 „ „ o indvkneuu 

It was concluded that no effect greater than 10 per cent 
existed. The sensitiveness of cells made in darkness or in 
light was much easier to tost than their absolute resistance 
and was also found to be unaffected by the light at the time 
of crystallisation. 

III. — A Point Trndino to Confibm Bidwkix'r Thxoby. 

One of the colls made in working at the last question 
was that shown in Pig. 1, na, . and bb.. are slips of copper 
separated by mica and held in a clamp. The surface is 
smooth and selenium spread on it. It was found, however, 
that after one or two meltings the resistance of such a cell 
sank to almost nothing. This was not due to metallic 
contact, and it was thought that the cause might be the same 
as that suggested by Bidwell to explain the low resistance 
of old cells, namely, the formation of much selcnidc, bridg- 
ing across in places between the electrodes. This might be 
anticipated here because of the very great surface of copper. 
If this is correct, then the low resistance ought to be located 
in one or two parts of the cell, and this was found to be the 
case on trying the resistance between b^a^y and so on ; 
and it was found possible to chip away with a stout needle 
those parts of the selenium which contained the short 
circuit. 

* '* Invar" win, a stsd-nlokel pntenS, of which a ssmpls wu kindly 
givsn ms by ths mak«r, Mr. Boogh. 
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IV. — Th* Law Cokitbotiko the Intknkity of Light with 
m Effect oif a SELEKirn Peepauvtion. 

The relation between the intensity of light and its effect 
on a selenium cell is not one of sunple proportion. Hence 
the effect of u Bour(*e of light ut various distances does not 
obey the law of inverse squait^t. Adams ® concluded that 
the effect varied inversely as the distance, that is, as the 
square rmit of the illiiminafing iiitenNity, Hopins asserts 
that the effect varies us the cube rmit of the intensify. 
Some experiments which I currietl out wt*ut to show that 
no very definite law existed, but that one could, under 
various conditions, realise^ bf>tb laws. If one works with 
strong lights and shoii ex[¥)Muri*s one will get Hopins* law, 
with weak lights Adams' law. Cells also differ in the 
rapidity with which they reach their minimum.^^ 



Fig. 1 

V. — Ox THE " InEBTIA OF SkLEMI M CkIXH. 

By “ inertia '' is meant here that property of a selenium 

cell due to which it only reaches its minimum resistance 

* AduDi, Proc* 187^ voL 34, p. lOS. 

>• Ho^, /otrm. Aw. Ph^. dhtnu <7eA, 1003, toI. S3, p. 081 ; Se. Ahtu. 
1904. p. SSI; BeihUitUrt lB04,p.78S; PortsebrUte d, /’Ay«.,ToL 09(2), p. 06. 
" Bientimsd hj raaa^ wiiWs. See A^nier. 
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some tiuio uftor exposure and its maximum tome time after 
darkeumjp. It is mentioned by Bale und has been mueb. 
uuticoil, especially by workers trying to use selenium for 
light telephony and other practical purposes. As has been 
pointcil i»ut by Buhmer and others^ in choosing a cell for 
any pra^dical purpose its inertia is as important os its 
absolute resistance or sensibility. At the instance of Pro- 
fessor Umun, of Strossburg, I carried out, in a cell of 
Buliiner's construction, somc^ tests not only for single 
exposures but also when exposwl to rapid alterations of 
light and darkness. The result of two minutes' exposure is 
shown in curve A in Fig. 1. The ordinates are resistances 
and the abscissae times. Almost identical curves were 
obtained with home-made cells and also with Rontgiui rays 
instead of light. The next figure is one of u scries of 
photographs made by using an Kinthoren vibrution gnl- 
vauoineter us an oscillograph of great delicacy but long 
period sei'ond) ITie spot of light had to be made 
exceedingly small and vibrated horizontally while the plate 
descended vertically. The selenium cell was inside a camera 
from which the lens had been taken. The source of light 
was an arc lamp, and a pendulum in the earlier and a 
rcv<dving sector in the later experiments was UBi*d to make 
the light intermittent To make the exposures as sudden 
as possible both pimdulum-screcii and sector were made 
large. The times of exposure arc given on tlie photographs. 
Ileyond second another method had to be used, Wause 
the oscillation of the galvanometer system became so 
troublesome. Many plans were trie<l und only the follow- 
ing gave anf approximate result. 

A cylinder of hard wood was made, with on one end a 
ring of metab and running from this ring and round the 
cylinder two Imirals of metal parallel and 180^ apart. A 
brush makes continuous contact with the ring, and another 
makes contact with the spirals and cun be moved parallel 
to the cylinder axis. The sector is fastened to this cylinder 
and has two qu&^drants cut out. Hence^ by moving the 

" Proc Roy» 1873, vol. 21, p. 288. 




Fio. 2. 

Tune of oxpoiiire — time of derknese 
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secoud brunh, one onn go( coniurt cither in the middle of 
the light or of the dark perjods or anywhere in between. 
The contactB had to be well oiled. Four accumulators, the 
gelenium cell, u galvanometer and the above contact 
breaker wore put in series Thou reiulings were taken for 
various positions of the movable brush. Imniedintoly 
Iwforo and after each reading weie takem readings with a 
resistiince box substitute<l for tin* seleniiini, in or<lc»r t<» 
climinute errors duo to variations in eontaet. Hy this 
means eurv’cs were obtained for exposures of second but 
are not gocul enough to reproduce. They always had 
maximum and miniiuuiti in the pmper place, however, ami 
by measuring the diiforence in resistance betwe<'u these the 
curves can lie compared with those photographed, as the 
total drop of rosistanet* is also known, the galvanometer 
being of course 8tandaidi»e<I. (birve B m Fig. 1 gives 
an idea of the limits In'twcen which the selenium 
it^sistunce oHcillntes, which are iinieh narrower than in the 
photographs. Tn arc-light telephony the are is miles iiisteml 
of feet distant and the variations in intensity are only 
slight, whih‘ the fnHjuoney, with sibilants, must be many 
thousands, so that li can 1m» seen how small the effiTt must 
then be and how important the inertia. 

The first part of this work was done under Professor 
Stroud at the Armstrong (’ollegi*, Newcastle-upon-Tyne. 
That relating to the “ inertia ” of selenium prepamtions 
(part V.) under Pnifcswiv Fonlinand Braim, of Sirassburg. 
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PROCEKDINGS 

Oil IJlh 

liriDK5itii (f ilartan |p|)il9s«|i|linl ^aiirta 

(Abstbaotbu kbom tub Minutkh) 


Thursday* ayth October, 1904. 

A . — OnKMjcAL ANu Phyhioal SKirrroK. 

(MIJCTINU HKLD in ABMATSONO OoLLBQB. Da J, A. SmYTUB in THb Chaib). 

The following Members i^ere elected: — Sir Isambard 
Owen, Dr. J. T. Dniin, Messrs. C. B. Stuart, Charles Osmund, 
Joseph Martin, G. U. Stanley, Minaes Ellen O’Connor, Ada 
Carr. 


The Sectional Officers for the eusuimr session were 
eleotud . — 

Pbofkshor STEorn, Ohainuan. 

Mr. J. CiKjotN Bro^n, Strrtfary, 

Dr. Smythc exhibited some specimens of Uranium Salta. 


Thursday, ayth October, 1904. 

B, — Biological Skction. 

(MxBTINU BXLD 15 AHUHTBONO OoLLLGK, Mu. MsKK 15 THJC CUAIK.) 

The Seotional Offioers for the ensuing session were 
elected : — 

PBOFBmOH OiLCHRlsT, ('kairmaH, 

Mr. A. BbS5KA5, Secreiary. 

Miss Leboor exhibited some specimens of shells from 
Australia. 
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Thursday, 3rd November, 1904. 

OiiiBaA.t, Masraro. 

(HBLD in AliMSTUONtl COLLCOM, PHOnOMSOR L 0 UI 8 IN Till ChAIK.) 

The Officers of the Society were elected : — 

Pr&taUni 
Thjb Wabdkr. 

V%<it*PTt^idiCtU9 * 

Sir ISAMBAHD OwKM. 

PftOFBHOR UoWDSN. 

PROrSHSOK 
Piu)ri!aM>B Lbdopb 
T>k. Ubr. 

Ub. Mk87. 

//oh. } ifrretar%es 
Mr. . 1 . W. HuiJjKkwici.l. 

Mr. S. U. CoUeiNH. 

Editor 

F. C. Gahrrtt. 


ComTMiUjt 

pRINCirAii F B« Jje\ON;l. 

Dr. W. M. Thornton 
Dr. J. a. Shytjir. 


MtSN LicBorB. 

A. O. Lakgjuaub. 
C. Bhvnkk Jonbh. 


The following resolutiun \ia8 passed : — 

On this occasion of its First General Meeting of 
the Session^ the Society wishes to express the sorrow and 
regret felt by the members at the loss it has suffered by 
the sod deatli of Principal Gurney, who always showed 
great interest in the Procs^tigs^ to which he had con- 
tributed on several oocaiuonB.” 


l^fessor Bedson exhibited some specimens of Paraffin, 
and Professor Stroud exhibited a new form of Tudabuiy Wims- 
hnrst machine. 


Thursday, loth November, 1904. 

A.—Chkmical akd Physical Skctioh. 

(Mwrino hbu) in ARMoTaoito OoLuaiR, Pbovbmor Svboud 
IN TKK Chair.) 

Hr. WardoU read a paper on and exhibited various optical 
instruments. 

The following members were elected ;• -Dr. A. A. Hall, 
Messrs. S. G. Oook, S. W. Riddle, A. Jaqnes, A. Widdas, 
B. Jeffery, B. Hodgson. 



Tharsdi«y« a4th November, 1904. 

B. — Biological SeoTiov. 

(liUTUro HKliD IK ARUfSTRUKe Ck»t4iRQS, PROnSSOR GlLORAiet 

IK THK OhaIB.) 

Min M. Y. Lebonr road a paper on ** Noten on the Genus 
Olaniielia.’’ 

Dr. WoL Thornton read a wper on “The Effects of 
Eleotricitj upon Living Organisms. 


Thursday, 8th December, 1904. 

A — Ohsmioal Am) Physical Brotioit. 

(BfuriKa RKLU IN AuxffTROKa 0OIJ.1OR, Piu>T«HsoB Ix>tria 
IK THE Chair.) 

The follow! ns were elected members : — MesHrs. Hermann 
Belger, William Millbum, Harold Burkitt, James Pettigrew 
and Btonley Smith, 

Professor Bedson exhibited some specimens of Vanadium. 
Mr. Trechmann read a paper on “ Flini Implements.*’ 

Dr. A. A. Hall read a paper on “ New Groups of Organic 
Nitrogen Compounds.” 


Thursday, a6th January, 1905. 

Gknskal Mkktimo. 

(HsLO IK AKM 9 TROKO OOUAQS, pRorKSSOR STBOUU IK THE CHAIR.) 

Mr. Bodean read a paper on “ Bm-ly X-Ray Work. 

Mr. Glagne gave a demonstration on X-Rays. 


Thursday, 9th February, 1905, 

A.— Ohkmical and PhyhioaXi Skotion. 

(Mvarrmo hxu> ik ArmVtkoko Couabok, Pb 
nf THX Chair.) 

Professor Stroud read a paper on **8park-gap Experi- 
ments.” 

Mr. Gollius and Mr. Coggin-Brown exhibited some 
apedmens. 
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Thursday, ajrd Pebruary^pos 

B.— BiOIAMIOSL SlOTlOV. 

(Mwrriiid uBLs in ARMimoNa Cou.m», PuonnMni Lsboub 
IN THB ChAIB.) 

Dr. J. A. Smythe irave a paper on “ A Bodi Beotion from 
MnU." 

Hr. J. C. Brown read a paper on '* Jemaaut httuminiua 
from Thickley.” 

Mr. A. Brennan read a paper on ** An Abnormal Ovary 
of Lihum Martagon." 


Thursday, pth March, 1005. 

B. — Bioluoioal Skotion. 

( Maarmo bold la AaioTBOHa Cotxaaa, Paoraatoa Lbbouh 
IN Tin Cbaib.) 

Mr. J. W. H. Brown was elected a member. 

Dr. Woolaoott read a paper on '* The Phyrical Featuree 
of Northnmberland and Durl^," followed by a paper on 
Pre*01adal Valleya*’ 


Thursday, aytfa April, 1905. 

A.— CninoAL akd Phtbioiii Shotiok. 
Maaniro biui in AausTBONa Coujmb, PaoraiMOB 8eai 

IN TBaOHAIH.) 

Mr. Tliomson read a paper on Seleninm OeDs.” 
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^ME Tuematodes in Mytilus. 

By Marik Y. Lsbour. 

[Brad January 16th, 1906.] 

The Ti-ematotles form a group of parasitic flatworms 
having a thick chitinuus cuticle without cilia in the adult, 
and bearing two suckers, one in the mouth region and one 
near the pohlorior end or in the centre, on the ventral sur- 
face. From these suckers the group takes its name, Tremo- 
todo bping from the Greek word meaning “ pierced with 
holes/’ There arc octoparusitic Trcmatodcs, which have no 
metamorphoHis, and cndopamsitic Trematodes, which have 
a metamorphosis in their life history. It is entirely with 
the latter that I shall have to do here. These form the 
* order Malacotylea or Distomea. The life history is com- 
plicated, the fertilised egg giving rise to a rva which, to 
complete the cycle, enters another host, the “ intermediate ” 
host. In this host it generally gives rise asexunlly to a 
second form, and frequently these again to a third form, 
which enters u final host, from which the adult sexual wunn 
ii developed. The adults live in vortehmtes gimerally in 
tho alimentary canal or its outgniwths, and u nudlusk is 
always the first inteimediate host and fi*equently tho second 
host in which the larva encysts, but almost any other inverte- 
brate may be the second intermediate host. 

It was a great pleasure to me to discover in our local 
mussels, the common MyiiluM edulu^ three distinct species 
of these younger stages of Trematodes, The first of these 
is a well-known one, although apparently it has never before 

91 
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been recorded for the ^N'ortbumberland coast. This is tbo 
Pearl Trematode, which Dr. Lyster Jameson, in his recent 
researches, has proved to ho the cause of the pearl in the 
mussel.^ The second is the same worm that 1 found last 
year encysted in the foot of the cockle. Cardium edule, and 
publiBhe<l a short note on in the XoHhumbtrland Fixheriex 
Report for 1904. It is apparently a new npecies, and a 
desenption of it has just been published by Mr. William 
XicoU. M.A., B.Sc., of the Oatley Marine Laboratory, St. 
Andrews.® The third, fi*om the mussel’s liver, is possibly 
new. I have not as yet been able to find out the adult. 

Before describing these wonns, perhaps it would he as 
well to go over briefly the life history of a si>ecieN which 
has been completel}'^ worked out, and for this purpose I 
cannot do belter than take J^nttoma hepatten^ the " liver 
fluke,” although, perhaps, almost a too \t-ell-kiH)wn example. 

Didomn hpatmi is the cause of sheep lol and oecuis 
in the gall bladder and bile ducts (and their capillaries) of 
the sheep. The eggs pass out of the sheep, and tho^ that 
get into water <levelop into free swimming embryos covered 
with cilia, having two eyes, a small entenm and a mouth. 
If this embryo <»omcH acniss a small fivshwater snail, Limmeti 
truncaiula^ it bores its way into its liver; hen* it pauses and 
undergoes degeneration, losing its euteron and its cilia 
li is now known as a sporoeyst. The sporocyst is an elon- 
gated sac-like laxly full of balls of cells, the so-called egg 
balls.” These give rise to a different form culled a redia, 
which is also olonguted. but has a phuiynx and an onteron. 
The redia breaks through the wall of the sporocyst, which 
closes up again. Inside the rodia are formed more egg balls 
and some of these may develop into another form, the 
cercaim. which is broad and bears a tail. This escapes from 
the redia and flnully gets out of the snail and swims about 
in the water by aid of its toil. It possesses all the 
organs of a young fluke in a rudimentary state, even the 
genital organs. It bears a ventml sucker and by its means 

’ Pros. iM. iSbe., Loodcii, 1908, roL L, psgs 140. 

* Amu tmd Mmg^ NaL JSfwf., Jsa.t 1906L 



233 


attaches itgolf to a blade of grass. It then secretes a mucous, 
which hardens round it and forms a cyst. Curled up in 
its cyst it waits, and should a sheep happen to eat it, the 
cyst is dissolved in the stomach and the worm emerges, 
having lost its tail during the i^^sting stage. It makes its 
way into the bile duet, gmws and reproduces, and so the 
life histniy begins over again. 

This is practicully what happens, of course, with various 
modifications, in the whole order. The redia generation 
may he omitted and the* sponicysts may form a second genera- 
tion of sporocysts, fiom Mhich ceivuiiee arise The sporo- 
cysts and mlia* are always puiasitic m some luollusk, but 
the free swimming or crawling cercaiia (lor all do not possess 
tails) may go into almost any mvertebiute or may just 
swim about m the water before being swallowed by some 
vertebrate 

The worms I hov(» come across in the mussels (all from 
Budle Huy) are all in the ceieuria stage, or rather two of 
them are encysted The first of thene is the Trematode that 
causes the mussel pearls, LincithoJviHJmm (Ttrachycaiium) 
stmuiirruv^ closely allied to Dislomu. It is a very well- 
known fact that pearls occur in the mussels of our coasts, 
and although many conjeetuivs wcie brought foiwanl as to 
a woim bcung the cause at these, it was only in 1902 that 
Dr. Jameson definitely pmved the innise to be the cercaria of 
this Tnmuitode (ojk at.). 

There are not many pearls in the Dudle mussels, and 
these aiv not fine as a rule. I have, however, discovered 
this cercanu, which agrees in eveiy respect with Jameson’s 
figures, on the manth^ of some of these pearl-beaiing mussels. 
Not more than one or two on each specimen were found, 
and these only occasionully. Jameson found it abundantly 
at Piel, on the Lancashire coast; he describes it as visible 
to the naked eye as small yellow spots, about ^ mm. in 
diameter,' on the mantle, the yellow colour being due to the 
food material in the intestine. When magnified consider- 
aUy, it is seen to be of an oval form, with no tail, much 
HkB same shape as the adult worm which is found in the 



ExiLAKinoK or Plati 


a Cercarub of Pearl Tmnatode from Mnaael— 1 0 5 mm 

b (1) Enoytted Ceroam from foot of Mwel— diam 0 21 mm 
(2) Cerwna preaaod out of Cyat— L 0 7 mm 

€ (1) Knoyated Oercana from liver of Moaael 
(2) Ceroana preaaod ont of Cyat—l 0 46 mm 

d BporoojtU from Cbnfitm edvlu 
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Euler Duck and Scoter (eee Plate, Fig. A), It ia very 
active and contractile and it« body is covered with small 
sharp spines. There is a large oral sucker, and a ventral 
sucker which is sumewhai smaller. The digestive canal is 
bilolusl and full of yellow food material. The excretory 
organs arc^ most eonspicunuH, consisting of granular masses 
each side, which unite* posteriorly and open by a pore Tho 
si»e of the ccTcaria is about 0 5 to 0 7 mni. It appears to 
burrow into the connective tissue of the mantle, and when 
onci* settled down is, according to Jameson, surrounded 
hy an epithelial sue formed round it hy the mantle of the 
mussel As he says, ‘‘this epithelium appear to arise 
quite independently of the outer epidermis, and is no doubt 
due to u specific stinuilution on the part of the parasite 
This cpitholiul sac then st'cretes the pearl, layer upon layer. 
The norm may es(*ap<* from the sac or may die inside the 
pearl Itomuins ot dead cerrarim have been found to be 
the nuclei of some pparls. Professor Herdman thinks the 
formuiinn of tlie epithelial sac cun only be explained by 
the wonn oiur>*iug in with it one or two epithelial cells from 
the outside, mid Giaid supports this view, 

Jameson found the previous host of this cen*aria in 
Fitince to be Tai^i dvnnmta, in which he found sporocysts 
full of the cercaritt*. At Piel, he found them in tho cockle, 
Cardtnm fdnh, near the anterior mlductor muscle, and I 
discovered them also in the Dudle cockles, Mr. Jficoll 
(o^. cit) descrilH*s it as living in a mass of sporocysts just 
above the liver in the cockle at St. Andrew's, and since 
leading his paper, 1 have found them abundantly in this 
port of the cockle at Budle. Here, then, the cockle is 
evidently the previous host of the Pearl Trematode, The 
Scoter, (JCdemifi ni{fra, L., is the final host, and it feeds muck 
on mussels at Piel. The same adult worm was originally 
ilescribed from the Eider Duck, ASomniena mofluwn^it L. 
Doth binls are to be found near Uudle ; the Eider Duck is a 
resident, breeding on the Fames and Holy Island, which 
nre the only local bi’eeding places of this species. The 
Scoter is a not uncommon winter visitant Either of these 
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birds may contain the adult worms. One peculiar feature 
of this cercario, according to Jameson, is that it is nerer 
encysted; apparently the resting stage in the mussel sufhees. 

The second spocies in the Budle munsels is an encysted 
form living in the foot of the animal. This is the same 
that I found in the cockle but occurs more frequently in 
the mussel ; every specimen, so far examined, contains them, 
and they were only in about ten per cent, of the cockles. 
This worm has just been fully described by Mr. Nicoll 
(op. ciu)^ It cannot be seen from the outside in the 
mussel, whereas the tubercles found in tho cockle’s foot are 
visible from the outside. They do not appear to hurt either 
animal, their organs being quite healthy. There are many 
cysts in each foot and by gentle pressure the worm can be 
squeezed out (see Plate, Fig B, 1 and 2). The bfjdy is 
about 0*7 min. long and is covered, except at the posterior 
end, with sharp spines. The head, which is bitiadly heart 
shaped, is surrounded by twenty-nine long spines. There 
is a large oral sucker, leading by two thick lips into a narrow 
intestine, which divides into two just in front of the ventral 
sucker, which is much larger than the cjrul. Down the sides 
run two branched excretory organs, joining posteriorly and 
running into a small excretory sac opening at the posterior 
end by a pore. Mr. NicoII has found the. adult worm in the 
Oyster Catcher, odralegim. He describes it as 

being very similar to the encysted worm, only longer. I 
might mention that I have also found this worm in cockles 
from Piel in Lancashire and from Loch Kyun in Galloway, 
also in the foot of Mya wrcw/ina and Macoma halikicay and 
Mr. Nicoll has found it in the foot of Marirn 

Befoi*e going on to the third and lust species, I should 
like to mention another form once found in the cockles (see 

' Sittoe writing this, another pmr, by Mr. NieoU, has appeared, dceotib- 
ing this worm under the name oT EcKinotdcmnm secttTfrfvm, tp, h., from the 
Herring Onll and the Oyster Cktoher.— Mim. onef .Vop. Nat. Hitt., June, 
1906, page 518). 

” Since writiDg this 1 have discovered what I b^ve to be t^e redUe and 
tailed OeroarUs of tnis worm in the liver of the coounon periwinkle, Lifioriaa 
tiUorta (see NiiHhnmbtHaiui FUhtriu Rtpori for 1905). 
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Plate, Fig. D). It orcim'pd in great numbers round the 
liter as very contractile spoiwy^ta wtth‘no eyes and con- 
iaining three or four oval bodies in each. They were now 
long, now short and nmnd, hometimes appeared to have a 
tail, sometimes not They were vcrj*- transparent and no 
suckers could be made out. I mention these, us they may 
be found to bi* connected with one of the forms in the 
mussel.^ 

The third species occurs in the liver of the mussels at 
Budle. It is also encysted, the cysts occurring in between 
the lobes of the liver. I can see very Hi tie structure in it 
(see Plate, Fig. ('), It occurs sparingly g(»neiully, but in 
one specimen it was abundant, the liver was a much darker 
colour and the animal did nut look healthy, its repi-oduetive 
organs not gi-owing pn)perly. 

Altogether it swmicd to have a deteriorating eifect on 
the mussel. Great eare must be taken in pressing tUe wonn 
out of its cyst. It is elongated, its body covered with small 
spines, and it has un oi*al sucker larger than the ventral, 
which is slightly behind the centre In fresh specimens 
the granular excretoiy organs arc clearly visible down the 
aides, but these granules disappear when the worm is dead. 
Two very faint canal.s con then be made out down the aides, 
which may b<' the excretoiy' organs devoid ol the granules, 

I know nothing about any of the other stages of this 
worm, but hope to investigate the mutter moie thoroughly 
and examine several sea birds for the adult. Birds have an 
important connexion with Tremutotlcs, the Peail Treiuatode 
living in the Eider Duck and Scoter und that form from the 
foot of the mussel and cockle living in the Oyster Ootcher. 
Mr, Walton, of Stockstleld, has kindly given me a list of 
tke birds which feed on mussels. He says, '* Of course 
there are many other birds that will eat mussels, especially 
daring the autumn and winter seasons, »s the Golden Plover, 
Charddrixis pluviaHat which is verj- fond of the fry of mussels, 

* Thk awl tbs following tpeoiai srodoteribed by ms in the .yor^smfor- 
^md flu^eriei Bepori lor IMa 
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also the HiMxlecl Ci-ow, Corvu^ rorni^tf which in as fond of 
uiUHs^ls as a boy is of nuta.’* The following is the Hat: — 


Cutntnoa Hooter 


(Edemta Htym% 

Velvet Scoter 


O.Jktea, 

Common Sheldnok 

, , 

. Tadoma comvta* 

(larganey 

... 

... Qnerqueduia rtrcia. 

Common Poclurd ... 


... Fnligula /m’lwi 

Tnfted Duck 

, 

... F rnVa^flu 

Golden Kye 

.. 

.. Cfantp/da yla%icioH* ^ 

Boaup Diiok 


... Fid^giUa marila. 

Kider Duok 

. 

. S&tnaterta mo/Ziwinitf. 

Common Heron 

... 

. . A rdea nnerea. 

Tnmstane 

. 

. SfrtpMi/an tnftrpreft. 

Oyster Catcher 

... 

NofTnafopHM (MfrttlefftiM. 

Common Onll 


LartM ro»tff. 

Herring Gull 


. . L» argtjUatM. 

Greater Black -Ijacked Gull 

... Ij. narmm. 

Kittlwake Gull 

. 

... JitMa 


Of these, the Slielduek, Tufted ])uck> liider Duck, Heron, 
Oyster Catchei, Common Oull, Herring (iull, Greater 
Dlaek-baeked Gull and Kittlwake are lesidenta Tlio Shel- 
duck is not common, but breeds in rabbit ludcH on the links- 
Ixdween Hamburgh and Holv Island The Ihifted Duck is 
not uncommon in tin* winter, has bred al AA^'alliugton and 
has been seen on Gonfoith Luke. The Eider Duck breeds 
on the Fumes and Holy Island and is fairly abundant, as 
is also the Oyster Catcher, nhieh breeds in the same islands. 
The Heron is eoiumon There are lienmries at Chillinghara, 
Harbottle and lledowater, also Herons breed I'egularly in 
Dipton Woods and they arc often seen by the river between. 
Corbridge and Stocksfield. The (^ommon Gull and tho 
Greater Ulack-backed Gull aiv not uncommon, but do not 
brood in the dislriet. ITie Horring Gull is common and 
breeds on the Fames; also the Kittiwakes breed on the 
Pinnacles, but the greater number migrate. Most of thorn 
come from the Hass Rock, which is a gieut breeding place 
for them. 

It seems likely that one of these common residents will 
be found to be the final host of this worm ; at any rate, the 
subject is well worth investigation, as very little has been 
done as yet on the Xorthumbrian Tromatodes. 



AKvnntoKQ Gollmb, 

NiwoAsnii-oir-Tm, 

FArvarjf l$t, 1991. 


Dbah Sitt, 

Lait SeMion an appeal was made to memben of the Society to 
oontribaie to a special Reierve Fand,*’ which oonld be drawn upon 
(or any apeoial expenditure which might be required for the proper 
illnstratioD, etc., of these Proceeding*. The responie waa fairly 
satisfactory, the sum of £18 Us. 6d being raoeivad, bat the 
PnblioatiOD Committee is anxbns to see this sam oousiderably in- 
creased. If yon have not already inbacribed, the Him. Treasnrer 
(Db. J. a SHTruB) win be glad to receive whatever yon may 
care to contribute to thu fund ; I annex a Use of the members who 
hare already done so. 


Youra faithfoUv, 

F. 0 GARRETT, 

Bm. Editor. 


Lm OP CoKTSiBOTOEa to THi Rbhirvb Fubd. 
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Six David Dale. 
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Mr. W. Hall. 

Mr. J. GravtU. 

Dr. J. T. Man. 

Dr. W. H. Sodean. 

Mr. W. G. Blehardaon. 

Mr. A. F. van dar Baydea. 
Mr. 0. E. Stout. 

Dr. W. M. Thontoa. 

Or. P. P. Badsqn. 

Mr. 0. a JToaas. 


Mr. B. B. Happla. 
Mr. S. H. CoUina. 

Dr. F. C. Garratt. 

Dr. A. A. Hall. 

£r. J. A. Smytka. 

Mr. E. L. Gill. 

Mr. B. O. EaMoo. 
Mr. F. H. Alaasadar. 
Prol. H. Loom. 
MtoE.O'Cwnor. 
Miu M. X. Baalop. 
Mr. J. W. BnQuwalL 
Mias M.T. Labour. 


Dr. T. P. BUdk. 
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The Olevelaud Dyke. 

By &tAVVKt Skitk. 

[Read Juiukry 10tb, 1900. ) 

This dyke appears at Robin Hood's Buy at sea-level and 
is tmreahlc at vurj^ui^f intervals for a distance of at least 
110 miles. (Sittinpf through the Jurassic strata, which form 
the Yorkshire moors, and through the Trias, it passes under 
the River Tet's in the vicinity ot EaglescliflPc*, and continues 
almost in n straight line north of Darlington through the 
Pennine lungo to Dalston Hall, south of Carlisle. On the 
opposite side of the Solway a number of short dykes with 
the same trend traverse the south-west of Scotland and 
strike out to sea at Prestwick on the Firth of Clyde. These 
are thought to be « coutmuation of tlie Cleveland Dyke, and, 
if this is so, the total length is 190 miles. 

The highest visible outciop in the eastern nlope of 
Cross Fell ut uo altitude of 1,700 feet. The characteristic 
black rock of the dyke U absent in the western escai*pment, 
it having there failed to pierce the (lirbouiferous htrata> 
and when it roappeurs it i\ hiwer by u thousand feet than 
when last seen. 

The thickness of the dyke vuries considerably, its maxi- 
mum breadth being 100 feet; but, as seen at Robin Hood's 
Bay, it is only 16 feet wide. Throughout great portions of 
its length it never reaches the surface, having failed to do 
so in some places by hundreds of feet. Where quarrying has 
exposed its upper limit, together with the sedimentary 
strata above it, it is shown to terminate abruptly in some 
places and to taper oft grodually in others. At one place 
only, in the whole length of the dyke, does the igneous rock 
> overflow the surrounding strata, namely, at Bolanv in the 
county of Durham, where a boss of no small mognitude is 
lormod. 

' The besalt retains its petrological character ^roughont 
^‘its leng&, and in those dykes beyond the ftcdwoy the rook 
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differH only iu proaervinnr, to some extent, its glassy magma 
and in slight alterations of coniposition probably due to 
foreign matter absorbed fi-om the recks travenied by them. 

A large number of quarries afford ample opportunity for 
examining the structure of the basalt and the relation of 
the dyke to the surrounding strata. The quaiTy at the foot 
of Donby Moor and in close proximity to Castleton station 
provides a very interesting exposure. The stone having 
been workeil out for some digtnnee along the trend, the two 
perpendicular sides give quite a gorge-like appearance to 
the quarry, while the farther end, the site of present opera- 
tions, is not unlike a lough stairway. .Toints and fraetures 
traverse the stone in all directions, breaking up the mass and 
giving it in places quite u fantastic structura. Some cin*u- 
lar jointing exhibited in one of the “ scabs forms a very 
perfect arch. 

At the end by which the qnurry is cntercil, the whin- 
stone appears to dip beneath soft white elay or shale and at 
the same time to thrust thin intrusive sheets into this soft 
rock. On close examination, hov’ever, this clay was found 
to be nothing mure nor les.s than decomposed basalt 
kaolin). The whinstone is also decomposed to a greater 
or lesser degree along all the joints and cracks, and fre- 
quently large patches of decomposed rnwtere met with; 
wherever the whinstone comes in contact surround- 

ing strata, whether at the sides or at the tMme former is 
decomposed along the line of junction. ^ 

Above the whinstone are several feet of hard oltored 
sandstone; the husalt intrudes into this. 

Another very interesting quarry is at Eaglcsclifle. The 
dyke here deviates greatly from its usual straight course, 
and even in the quarry a slight change in direction is notice- 
able. A noticeable feature here is, that whereas the dyke 
rises perpendicularly at one extremity, it becomes slightly 
oblique and tl^Ub practically vertical agidn. The Ispgth of 
the exposure is 250 yards and the dyke is 20 yards wide; 

' A *'sos)>">taqiun7nM'itaraifartlistlitaiwBOof wUuWsM tetloa 
rids ot ths wetrksd Mt partieu of tks dyks to ssppofi it 



the^quitiry consists of two deep holeH which are in the 
proceu of bein^t connected by u tunnel. The (lcepe<it hole 
is 120 feet, beiuf;^ the greatest depth reuehnl anywhere in 
the dyke. The babalt has here taken into it<telf two long 
strips of the white Triushic sandntone thnmgh which it 
•outs. The lower is. 15 feet wide and the upper u little less; 
the length of these strips have not bet'U determiut*d yet, 
they must he, however, at least, 100 feet long Another 
item in this quarry worthy of inteiest was a long cavity 
found in the midst of the basalt, *10 feet in length and six 
feet wide in the widest pait which was one extremity; 
from this it tapers off into a mere joint. The largest axiw was 
coincident with the dyke. A vertical section ot this was 
likewise pear-shaped. It was lined with calcite,® 

The basalt (or, more cbrrectly, the andesitic dolerite) is 
porphyritic in textui-o, tabular crystals of Inbradorite det<*r- 
mining the porphyritic ehaiucter. The ground-mass in 
crystalline or compact, according to whether the sample of 
rook is taken fiom the inner portion of the dyke or from 
tJie more quickly cooled margin. It consists of lath-shaped 
felspar granules and crystals of augito, magnetite or ilmenite 
and intemtitiul matter (Tenll). 

My analysis of a sample of basalt token tioiu the Castle- 
ton quarry yielded the following result : 

VVsAi.Ysra or Basalt, Clivilavd Dtkk, CA)fTLBTO!r. 


Sihoe 

... 06*85 per cent. 

Alnmins 

... 20*24 

If 

Iron oxide 

10*56 

tt 

Csloimn 

6*25 

II 

Magnceinm 

2*82 

!• 

8odlum 

2*25 


PotAuinin 

1*25 

>1 

Loss on Ignition 

1'8 

II 


Jir.B. — All iron has here been calculated as FeaO,. Any 
manganese there may be will also be included in the ivon 
oxide. 

’ By ths time this sppssn in print the onrioni osvity will have been 
deetroyil re— / 
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This analysis dijfera only slightly from Mr. * Steak's 
analysis of a sample from Great Ayton : — 


SiO, 

. . 

57*07 per cent. 

AV), 


14-S0 

M 



... 

6*04 

l> 

FeO 

... 

S-95 

»l 

MnO .. 

... 

0-127 

l> 

CoO 

... 

6-87 , 

>» 

MgO 

... 

4 24 

II 

K,0 . 


1-08 

11 

Na,0 


2-68 

II 

8 

... 

-19 

II 

CO, .. 

.. 

-SO 

»» 

PA 


•15 

II 

TiO, 


trace 

• 1 

H,0 


1-25 

If 

Total 


99-14 


The analysis (by T. W. Harrison, B.Sc.) of the Kaolin 

from Castleton works out: — 




WO, 

... 

52-57 per cent. 

A1,0, 

••• 

32-20 

II 

Fe,0. 

... 

2-82 

II 

C«0 


1-38 

II 

MgO 

... 

•99 

II 

Na/J 

• • 


II 

K,0 

lea 

% 

II 

Volatile at 100^ C ... 


3'40 

II 

Farther loM on Ignition 

.•e 

6-19 

It 


Total 


99-78 
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On an Exposure of the 100-F eet Raised Beach 
A T Cle adon, 1905-1906. 

By David WooLAOotTi D«Sci. 

[Read January 16th, 1906 ] 

In 1877 a sea-cave waa disroveml in the coui’se of 
quanying operations on the eastern escarpment of the Clea- 
don Hills, known as the Whitburn Lianrds.^ This was not 
only the first exposure of the hcu-wom caTe'4 ot Cleadon 
Hills, but it was I'endere^l specially interesting by the 
numerous remains found in it and an adjoining cave, in- 
cluding thotu^ of man, the great auk, i*ed deer, roe, 
common badger, fox and water vole. These caverns lay 
at an elevation of about 140 feet, a height corresponding 
roughly with that of the ancient sea-el iff, described by the 
present writer Ub occurring on Fulwell Hills at 160 feel 
above sea-level ^ This latter height probably minks the 
maximum depression of the coastal region of Xorthumbcr- 
land and Durham since the Glacial period. 

At the same time, a section of the lOO-feot laised beach 
that runs almost completely round Cleadon Hills wus opened 
out in a railway cutting on the same side of these hills. 
The exposure showed a considerable thickness of pinlially- 
bedded gravel resting on sea-worn rock, and overlaid by a 
deposit of reddish clay containing angular flints ami rounded 
pebbles of pure quartss.^ 

During the lost few years and especially in the latter 
part of 1906 and beginniiig of lOOfi, this raised beach was 
exceptionolly well exposed on the south-west side of the same 

* NtML ffiti. Trofu. NorihHmberlandt 2>wrfcwn <md 
vcO. vlL, 1877-1679, p. 961. 

■ZMd., voL xllL, 1000, p. 247. 

•/Md., voL vli, 1877-1871^ p. S64. 



FHOTooEArtt or tbe leO-Fzxr Raiskd Bmaoh Cuudok Viu«aob, 

SHOVllNa SmALC FAWt»p F, K„ ITLLSD with VmiCAL, Pabaixel 
Tvm or Calcium Oabbovati. 

The grevel depoeit Is worked heck lertKer then the land* and henoe tbe 
faulte do not appear to ran oenhnnonely through both depoelte ; the oonaeo- 
tkm of the two parte of one of them (F) ie ehown by tbe dotted line. 


f(*et of irregularly-bedded gmrel, eonsiating of the usual 
awortiuent of local aud foreign rocka derived from the 
Boulder Clay of tbe district and common to the raised beaches 
of east Durham. The most interesting of the foreign rocks 
found in these deposits of shingle are the rolled flints, which 
hige been found on the Trow Bocks, at Whitburn Liiards, 
^MRidon village, and in the gravel deposits resting againsi 
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the old ^en-cliff on Fulwell Uowso miyn they occur 

in, or are derived from, a bed which ho doHigxuite« a« 
** Scandinavifin drifts'* and which, in hin claMification of the 
luperfloial depositB of the two noi-th-easteru counties, he given 
an occurring between the true Jioulder CIa 3 " and the upper 
priuuatic or brick clay.^ The most probable source of their 
ortgin appears to be fiom an outcrop of the Thalk that may 
occur on the floor of the Koith Sea, from uhicli they were 
^ught up by thi' great sheet of je(» which ]>aflsed over this 
area from iiorth-easteiii Euro]}e, and came very near to, 
although it never actually i cached, the rhirluuu const. Pro- 
fessor Kendall, in his work on the glacier lakes of Cleveland, 
proved, however, that it impinged i»n the coast of Yoik- 
shire.® The flints have, in all probubilitj’, lieeil derived 
from the moraine deposits left by the Scaudiuaviim ice-sheet. 

IJeneutli the gravel there lay gome ten feet of fine cunvnt- 
bedded sand, the* base of which hag not yet lieen 
exposed, but it alnuist ceitiiinlj" ivsts on Moulder t*lay, 
underlying which then* will be the Magnesian Limestone. 
One peculiarity of this exposuie was, that nmning more or 
less vertically through both the saiwl and gravel were several 
amall slips or faults throwing from the fraction of an inch 
to several inches. These displacements have been produced 
by the mechanical underground erosion of the sand, ports 
of which have been carried away by water flowing beneath 
the surface on the top of the Moulder Clay. As this is an 
interesting example of subterranean mechanical eroffon, a 
subject which has been somewhat neglected by geologists, 
it is worthy of record. Underground denudation of surface 
deposits of sand and gravel of a somewhat similar naturo has 
been noticed by Professor Lebour in the Glacial deposits of 
the Tym valley between Biding Mill and Corbridge.® 

There was also another interesting feature of this deposit. 
The plants of slipping were filled with vertically arranged 

* yortk ^ JCiigla$td JVts. InM, voL xili., p. 170. 

* Quart, t/buni. Qaol. Snc., tol. IvlU., p. 401. 

* Xtfi. ffUt. fVm* KortkambsrioHdt J)»rham ami StwxiitUe^p<m»TifH*r 
vol xi., FivtS. 
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tubes of calcium carbonate in which there was a trace of 
silica. They were about a quarter of on inch in thickness 
and lay parallel to one another, lies being more or less 
cemented together along their length by a porous 

matrix of the same material as that which eomposed them; 
while running longitudinally through each tube ans a very 
fine boro or series of bores. The calcium carbonate had 
probably been derived from the Magnesian Limestone hills 
lying to the east, and the rain water flowing from them 
through the sand lying on the impervious Boulder Clay must 
have, when the sand was saturated, liacu up these small 
fault planes and deposited the tubes of calcium carbonate in 
them, at the some time keeping open fine capillary bores in 
which to rise and fall. Nothing of a similar nature has 
been noticed in such deposits before. The action of the rain 
water on the other parts of the raised beaches of east Durham 
has been to cement them into a hai^ compact ronglnmerate. 
The features discussed m this paper can still b(* obseiTcd, 
although not so clearly, but os the pit is gradually Iteing 
extended opportunity may bo given for further obsemtions. 

It may also be worthy of notice that in both of the 
Cleadon sand pits, fragmental portions of ('ypnnn hlunthert 
and LUiorina Uttorea have been collected. 
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The Biack Death in the Palatinate op 
Durh am. 

By FiuiDieBiCK Bead^haw, M.A., D.Si . 

[Read January 31at, 1906.] ^ 

About ihc^ Black Ik^atli appeared among the teem- 
ing millious of central China, rerhups the eurthquakea 
that oceuiml only intensified the uoiuial overcrowding and 
caused un ever latent pcMtilenee to bi'eak foyth in unwonted 
fuiy. It took its tearful name from the dark purple patches 
that appeared on the ^kiu and hoimldeil a thorough dis- 
organisation of the blood and tissues. It still lingers in the 
East as the Levant oi Oriental plague, but improved sanita- 
tion and drainage have secured us immunity. The Black 
Death oppearcMl m Cyprus in 1*147 Eveiywhere its ap- 
proach WQH arcoiupaaied by curth(iuakes, and men thought 
they sow it visibly marching on in the torm of a dark and 
fetid mist. "We are told of natural phenomena which turned 
Iceland from a well-wooded land into a barren desert and 
imposed h barrier of ice between Greenland and Europe. 

On August 1st, 1*‘148, the plague appeared at Weymouth, 
in England. It reacheil Durham, perhape by sea, eoriy in 
July, 1349, synchronising with a Scottish raid. It supplied 
the raiders with a new oath — By the foul death of the 
English/’ and it gave as foul a death to the Scots, before 
they tasted of plunder, as they lay encamped in Selkirk 
Forest. 

From whot we know of Durham village-life, it is easy 
to understand that the Black Death fouu<I the peojde an 
easy conquest. To give even an approximate idea of’ the 
number of deaths would be impossible. We have littlq HtUre 
than the Episcopal Bolls and Bishop Hatfield’s Survey to 
guide us. The Prior's Bolls for these yean have been lost 
or damaged and even our existing evidence is very^aoanty. 

tt 
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One,6f ihe fint places to be attacked was Stookton. Hie 
B<dl of tbe Bailiil of Stockton, for tke yea;' 1348, accovnts 
for 603 boon works and we are told that the nmnber is 
267 below the proper nmnber beoauae of the pestilence. 
Possibly fear was as a helper to the plague in producing 
the awful mortality that occurred in Durham. The Bishop’s 
Halmote Bolls paint the panic of the peasantry in the most 
Tivid colours. Even before the plague actually reached them 
the villagers around Easington were refusing to take up 
vacant holdings “ for fear of the pestilence.” When it 
finally did come they apparently had not the heart to fight 
against it. 

The Palatinate documents are curiously full about this 
period and the story they tell is appalling. Although we 
have lost the actual Court Rolls of the Prior immediately 
relating to the yean about 1349, we have three documents 
in the Durham Treasury of the utmost importance. ICy 
attention was drawn to them by Mr. Kenneth Dailey, the 
courteous keeper of the Dean and Chapter Records, and I 
found that they gave the mortality among tbe unfree tenants 
in practically all the Prior’s villa and, in a few cases, among 
the free tenants also. In the little village of Dillingham, 
near Stockton, the deaths only just fell short of 50. In. 
other vills it was not quite so severe but a comparison of 
the entiy under the two Heworths, with a later entiy in the 
Court Roll of 1373, tells us that the twenty*one tenants who 
died there represented two-thirds of the total number. 

Witi) regard to the Bishop’s vills, our information is 
lest precise, bat the surviving Court Bolls prove that 
there the mortality was not leu uveie. Under Wuthickley, 
we are told, ” no one comes from this vill hecauu they are 
all dead,” and we find that only one tenant was left at 
Rowley. Elsewhere the tale was much the ume,. Poverty, 
and even starvation, wu the tiie lot of ihoee who remains 
alive. Bishop Hatfield's Survey and tiie Court Rolls illu- 
minate each other in many vills and we can ttaoe the effect 
ef the plague in the fall both in the number of tenants and 
in the rent tiiey paid. 
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It is difficult for us to realise the situation of the«Bishop 
and the other laudawners in 135U. The plafcue wafe still 
Inrkiug in the laud, but crops must be sown and reaped le^t 
a more terrible famine should carry off those whom the 
plague had spared. But half the labourers were dead and 
those who romained demanded higher wages. .^Vfter a 
suocessiou of plentiful seasons the labourers had realised 
their value. Those who were personally free could and did 
obtain any wages they asked despite the statute of labourers. 
The price of food increased, and, as the Iloyal statutes were 
in force in Durham, we can asMumc that the employers of 
labour acted in Durham as elsewhere. Servircs had been 
commuted for money pQ 3 rments from the holders, whether 
bond or free, of servile lands, but now attempts were made 
to ask for services or an increased money payment. The 
free tenants on servile lands were under no obligation to 
pay, but rather found it profitable to give up the bond land 
and become labourers. It was otherwise with the serfs. 
Being now few in number and in minority in many villages, 
the naiivi\ ns they were called, were victims who could not 
escape. The mattor is not very clear, but apparently they 
were called upon to work for the farmers who had leased 
the demesne and to leave their own lands untilled. The 
loid refused to accept money in lieu of service, as before, 
and yet if the nativux did not till his own land he would 
starve, us prices were nsing. The only course open to the 
wretched serf was to flee to another village and find work as 
a labourer. Fugitive nntivi had been common enough 
before the Black Death, for free but landless men had often 
assisted a fuaivtis to escape with all his family to a town, 
that they might have his land, holdings being scarce; but 
they become even more common now and their flight was 
often successful in the disorganised state of society. How- 
ever, we are told how Thomas, the servant of John Boner, 
received 2h. for his trouble in capturing a serf who^was 
escaping towards Seaham to Hartlepool, a town) in 
1873. 

Sometimes we find a sort of strike occurring. In 13&0 
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u uumber of the fuUici in the Ward of Chester appeared in 
n botfy before the roitiner of the ward and told him that they 
wished to leti-ve the land of the Bishop and to take land 
elsewhere. Just before Pentecost they tocdc to Auckland 
the precious iron shoos of the lord's ploughs which they had 
usetl in the spring and preceding months, and from March 
2(tth, 15160, they hud neither worked for the lord nor offeretl 
to pay commutation mone}\ The surrender of the plough* 
irons apparently awakenetl the Bishop’s offieialH to the situa- 
tion and they arrested the strikers and imprisoned them 
in Durham Castle till Satunlnj% the Vigil of TVinity. How- 
ever, the steward, Sir Thos. Gray, and the receiver, Sir 
William dc Westle, realized that harsh treatment might 
cause a general rising. Piobably the vativi were equally 
apprehensive as to their fate, although it is not clear how 
the Bishop could have puuishe4«,thii$^ except by depriving 
them of the lauds, the very tllii^ they askeil for. The 
strikei*8 were releaswl on fbadmg pledges that they would 
remuLii on the KishopV lands and part of their debts was 
forgiven. ' * 

Xaturally the uattvi won in the end. They simply went 
on ‘‘strike’’ wholesale, and, as tenants were scarce, many 
mitiv! received larger holdings on mine favourable terms 
than before. Harvests weie good again and population 
increased, but the new population was different from the old 
in obaracter. It was useless for the demesne lessees to 
demand personal seiwiee, for the surviving tenants were tho 
iudgt*s in the HulmoU^ Courts and without their consent 
nothing could be done. Free men holding bond land joined 
with the native against the common enemy, and in a short 
time, we find the greater tenants of the vill taking shares 
in the demesne lands and meadows and leasing their own 
works and tho works of the cottars. 

When the tenants found it impossible to avoid performing 
works or paying, they seem to have demanded inqoisitioiu 
as to the actual amount due. The surviving bailift of the 
period before the Black Death were called upon to give 
evidence, as in the case of the autumn works of Sberbum,, 
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Shadiortli and Cassop, but the lord waa glad to compromise 
by commuting the works at a sum to be ogreed upon for 
six years. And so the process went on. The tenants 
challenged the right of the lord’s mill to grind their com 
at the old mte, und, in general, made the exaction of the 
old dues HO unprofitable that commutation beenine usual. 

The fMtivi siloutly disappearetl, but thci*e was no peasants’ 
revolt in Dui’bum and no iomial act of innnuiuission. For 
the next hundred years an agroriaii involution took place. 
The older nativt died off and the sous peisistently refused 
to fine for their father's holding, preferring to take fiesh 
land which hod lain fallow and which they often got at a 
decreased rent. Instead of one tenant taking one holding, 
the same man took two, or one holding made up of different 
kinds of land, paiily demesne, partly bond. He maintained 
that being one man ho should only pay for one holding, and 
in the case of composite holdings each man denied that his 
shai*o was bound to pay the old labour rc»nts. The lonl, ut 
his wits’ end to find tenants, was only tix) glad to commute 
tenures wholesale, or even later to let unible land to a gn>up 
of sheep-masttTH. The iwitri who did not appreciate a 
residence in their native village, were allowed to go whore 
they chose on condition that they paid u tax of 28, yearly, 
called “ albanariu.” But the numbin’ who piiid the tax 
decreased at each Inquisition that was held. Their children 
were freriucntly unknown by name to the Jorrl and so 
obtained their freedom by oblivion Two of the latest 
Inquisitions that I can trace are dated a.J). 1407. One was 
held at Harton, the other at Wolveston. Twenty-eight 
nativi^, in the northern districts and sixty-six in the south 
were all that the Prior had left and these represented only 
about twenty families, many of whom were living in Xorth- 
umberland or Yorksbii'e. Their daughters were securing 
freedom for their descendants by marrying freemen and 
the sons of nativi were often forgotten or never known if 
bom away from the Bishopric, yutin may have lii^red 
on lay estates in the wilder parts of Durham to a later date. 
In 1628, the Prior of Finchale held a halmote at the Bishop’s 
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▼ill of Ljmsak or Softley in South-weiit Dorham, between 
Hamsterley and Barnard Castle, and we find that the vill 
contained a number of “ tenanta at the vill of the lord,” but 
whether thot indicated that they were personally unfree 
cannot be decided upon our present evidence. 

The last trace of the Prior’s tutitri is in on Inquisition 
dated 1409, but they were few in number and were found 
only in Routh-east Durham, if not outside the Palatinate 
oitopether. The Prior’s hold over them was very uncertain 
and in many cases their names were unknown. In 1481, 
Bishop Dudley freed one of his few serfs, Thomas Copyn by 
name, and with him disappears the last definite traces of 
serfdom in Durham. 

However, I must not forget one bright incident in the 
relations of the lord and the serf, perhaps not really unique 
except in our defective records. John Mouton, the Prior's 
serf at Billiughnm, one of the last of the serfs, was allowed 
a small yearly pension by the Prior when “ pi-ostrated with 
infirmity ” os the Bursar’s Roll of 1438^ puts it. 

When the panic of the Black Death subsided a little the 
Bishop's officials found that the old surveys and rentals were 
quite useless for asoertainini^ the Bishop’s rights over his 
tenants, and so, about 1370, Bishop Hatfield undertook the 
compilation of the survey called by his name. It took quite 
lU yean to finish and, if questioned carefully, can be made 
to give a vivid picture of Durham before and after the 
Black Death, especially if read in conjunction with the 
Court Bolls. We see tenants denying liabilities or mini- 
mising them. Wo find lands paying often largely decreased 
money rente, and we get vivid indications of depopulation 
by examination of the names of the tenants of the serious 
holdings and the returns made as the profits of the mills, etc. 
At Qateshead, a water-mill and a wind-mill were leased by 
John of Sadberg. He used to pay £22 but the rent had to 
be reduced to £lfi 138. 4d., presumably, through decrease 
of population, Again, the description of tenants’ holdinga 
frequently runs'—” A.B. holds one meuuage and two bovatea 
formerly in the tenure of C.D.” It is tempting to believe 
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t)M4 C.D. wu a victim of the Black Death, but, of course, 
we cannot be sure. 

Time prevents me from analysing the names even of the 
tenants of one vill, but I will only say that at Boldon two 
free tenants appear instead of six and that, so far from there 
being a demand for land, we find the same people appearing 
as holding different kinds of land, e.g., Elias Amfray, be* 
sides a messuage and 2 bovates of land, the ordinary villein 
holding, has at least 3 cottage holdings and 2 lots of demesne 
land, and there are other vacant holdings. 

The Black Death recurred during the fourteenth cen* 
tury, especially in 1361, and the combined result of those 
disasters was to hasten the emancipation of the serfs already 
on the way to freedom by eroncnnic causes When serfdom 
meant defenders tamed into oppressors, it became economic- 
olly unsound and was bound to end. 
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Ox Peaty D eposits from a Pi t-fall at 
Taxtobie, Coukt y Durham. 

By J. a. Smvtux^ M.So.» Ph.D. 

[RMd Fflbnuury Stb» 190A.] 

The (lepohits to be describe J in tliif* paper were first 
pointed out to me by Mr, AV. A. Swallow, of Tanfield Lea 
coUieiy. The pit-fall by which th(»y were exposed, when 
seen on May 16th, 1906, was a round hole about twenty- 
four feet aoroHB and twelve to fifteen feet deep. The section 
on the west side showed an old peat bed underlain by sandy 
clay, and covered by about a foot of soil. As the pent bed 
thinned out quickly to the east and the sandy clay 
gave place to sand, it is piobnble that the fall hod occurwd 
at the east edge of an old peat bog, although there were no 
surface indications of such. The pent contained stumps of 
wood and roots, some m an advanced state of decomposition, 
others still fresh and fibrous; and the underlying sandy clay 
contained a peculiar black jelly-like substance iiiegularly 
distributed in pocket and clefts. The actual ciunntity of 
this material was small, although it was fairly widely dis- 
persed, sometimes as n thin lining to fissures in the clay. 
It was nowhere seen to he in actual connection with the peat, 
but from its occurrence onlv beneath it (and from chemical 
evidence to be given shortly), there cun hardly be any doubt 
that it was derived from it. Some of the larger pockets, 
about one foot below the peat bed, yielded a few cubic 
inches of the deposit. 

An^dyHM . — The deposit was seen to have a conchoidal 
fracture and a concentric arrangement of layers and it could 
be peeled somewhat like a boiled onion; on drying m air 
it lost 76 per cent, of water and formed a hard black sub- 
stance with conchoidal fracture, grinding to a dark brown 
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powder. The peat, and the partially decomposed wood 
embedded in it, formed iMrown powder* on drying and 
grinding. Thene three bodies will be referred to hereafter 
as black stuff, peat and wood. 

Under the microscope, the Idack stuff appears as a green- 
ish-yellow, transparent body, stratified but quite devoid of 
any plant structure. The air-dried samples gave on 
analysis : — 




Molaaio. 

Alb, 

VditOo 

yfarad 

OMboo. 



ie*4s 

7*88 

55-65 

90-70 


« 

ie*05 

8*75 

49*44 

24*79 

Wood 

>*• 

U 19 

4^2 

68-00 

20-76 


All throe yield friable cokes or cokey powders, and the 
ash is white in the ruse of the peat, buff in the other two. 
For better comparison these results are here recalculated on 
the basis of dry ash-free material. 



VotetOt 

Mate 

rixad 

OartMO. 

Block stuff 

78*90 

97-80 

Best ••• M« 

66-66 

8S-84 

Wood 

... *68-49 

81*52 


These figures bring out clearly the similarity of the peat 
and wood. The somewhat higher pereentuge of volatile 
matter in the black stuff is what might be expected on the 
assumption that it is derived from the peat by some process 
of solution and deposition. The ultimote analysis^ of the 
dry materials gave: — 



Oarbna. 

HydrofM. 

JUtraiaiu 

Solpbv 

Adh 


Blsok Stuff 

49*92 \ 

•• 49*16 f 

6'U\ 

5*16/ 

9-88 \ 
2-49/ 

1-41 

1128 

M'U 

Pest 



1*65 

— 

— 


Wood 

.. — 

— 

0-92 

— 




The low percentage of total carbon and the high per- 
centage of volatile matter suggests that the black stuff is 
similar rather to the carbohydrates than to coal. This » 
brought cut clearly in the following table, in which the 

■,1 sm indebted to K. Jeffrey, B.8o, Ibr tiM detemtostiain of 
oftrupB in thtee eempke. ^ 
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black stuff is compared with, three of tko typical carbo- 
hydrates, namely, cellulose, starch, and cane-sugar. 



VoUX 

Otftoo. 

TOtol 

iiyeitaM 

VolaUto 

MattOT. 

Hud 

oariMMi. 

Celloloee 

44-44 

8-17 

87*60 

10-40 

Stardii 

44-44 

6-17 

83*02 

16^ 

Caae-fogar 

4S-11 

8-44 

70*85 

20*15 

Blaek staff (aih-free] 

fi0*64 

0*80 

72*80 

27-00 


EMi^udion Miith /Solvents. — Dry chloroform dissolves about 
1 per cent, by weight of the black stuff, peat and wood after 
three hours* extraction. The yellow solution leaves a waxy 
solid on evaporation of the chloroform, and this solid, on 
purification by dissolving in benzene and precipitating with 
petroleum ether, is obtained in the foim of a greenish 
powder, melting about 90^ C, and burning with a long, 
smoky flame when heated on platinum. The result in all 
three cases is the same. 

The residues from the chloroform treatment, when ex- 
trocted for six hours with pyridine, yield dark brown solu- 
tions, from which acids precipitate a humus-like substance, 
acidic in character The amount extracted is about five 
per cent, in the case of the black stuff, and slightly less in 
that of the wood and peat. 

Dr. P. P. Bedson^ fiist described, in 1899, the solvent 
action of pyridine on coal In extending this work, Mr. 
T. Baker^ discovered that pyridine disbolves out from coal 
some, at least, of the constituents richer in hydrogen, and, 

. furthermore, that the presence of these constituents influ- 
ences in a remarkable way the coking power of the coal. 
Thus a coal with moderate coking properties is rendered non- 
coking by treatment with pyridine, but the pyridine extract 
has greatly enhanced coking properties compared with 'the 
original coal. 

Exactly similar phenomena are mot with in studying the 

^ Remits of tbe AnslytU of Samplae of New Zehle nd Goal and 
Amberlte, and of Barbadoe USmJak/* by Dr. P. P. Bedwm, Tram*, IntL M»M»t 
1890, Tol. xvL, page 888. 

* ** Tbe Solvent Aotton of Pyridine on Cirtain Ceals,” by Mr. T. Baker, 
rmtM, JnM, 1000, vol. xx., pegs ISO. 
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solvent action of pyridine upon, the black stufi from Tun- 
tobie. Not only do the pyridine solutions resemble those 
from coal, but the extracts are richer in volatile mutter 
(an4 presumably in hydrogen also), and they coke much 
mure readily than the original stuff itself, and still more ho 
than the extracted residue. Thus, proximate analysis of the 
residue and extract from the pyridine ti*eatiuent of the black 
stuff gave the following results; — 



Volfttito 

MftiUf. 

Flivd 

iMfoa, 

Alb 

Bxtnujt 

79-24 

20-29 

0-47 

Rasidne . . 

48-04 

37*41 

14-58 


The original and the I'esidue both gave a cokey powder; 
the extract yielded a (‘ompact glistening coke. Comparing 
these results with the original black stuff, and recalculating 
all on ash-free material, the results are ns follow; — 




vouatff 

lUttar. 

Flswl 

OMbott 

Black stuff 

. 

72 80 

27 -ao 

Kxtract 

• • 9 

... 79-04 

20-36 

Rcaidna 


00-80 

43-76 

comparison of 

the black stuff 

with coal, ilr. fl 


Blair has kindly examined for me a bright coal with respect 
to solubility in pyridine, proxiniato composition and coking 
properties. The results are ns follow:— 

SolabU in Pyridiiit j 


Proximate analysis of the coal, extract and residue 


Molilar*. 

Aih 

VoIftTlk 

MOIcr. 

nx«d 

rUTDOIL 

Coal 0-68 

383 

83-28 

62*21 

Bxtnot — 

— 

00*01 

89*99 

Rcsidiie ... — 

0-65 

81-07 

02 28 

These figures, re-calculated on the dry ash-free materials, 

give:— 

VpiMite 

riMd 



Ifattar 

Qurboa 


Goal ••• 

84*84 

66-16 


BxtnMii . . 

60-01 

3»<6e 


BsaidM 

83-27 

66-73 




250 


The extract was found to coke much bettor than the 
tir^rinal coal, and liottor atill than the residue after exhaus- 
tion with pyridine. Tlie relationshipn exiBiitkg between 
fixed and volatile matter are quite compamblo with those 
described above in the case of the black stulT from Tantobio 

The examination of these deposits seems to point, firstly, 
to the derivation of the black stuff fiom the peat. This 
appears evident from the method of ociuirrenre of the two 
deposits, and from their similarity in pn»ximnte composition. 
The abaence of plant Htru(*ture in the black stuff indientes 
that some process of solution and deposition from solution 
has taken place, and is in harmony with the rise in the 
nitrogen-content fnmi the wood to the black stuff; since, 
according to Delesm^^, the woody parts of plants contain less 
nitrogen than the leaves, and less also than such mosses us 
make up part of the material of peat bogs. (Jne would thus 
expect the to contain less nitrogen than the peat in 
which it is embedd(*d, and the products of the metumorphosis 
of such materials, in which the woody stnicturo has dis- 
appeaml, to be richest of all in nitrogtm. ITbis is what 
actually happens in the case under discussion, ns may be 
seen from the table of ultimate analysis on p 25fi. , 

Secondly, the black stuff has affinities both to the carbo- 
hydrates and to coal. The former is manifested by analyses, 
both pioxiniate and ultimate, as seen from the table on p. 
267, where the black stuff is compared in respect to composi- 
tion with three representative memb^u-s of the carbohyebute 
group of compouiuls. The latter is shown by the behaviour 
of the black stuff and coal towards solvents, in particular 
towards pyridine. Hoth bodies yield Ui this solvent acidic, 
humus-like substances, and their coking properties, fixed 
carbon and volatile matter, stand midway between those of 
the extracts and the residues left after extraction. 

That the black stuff from Tantobie should thus resemble 
substances apparently standing so far apart as coal aiid the 

* **R«oberoh«s ds TAiots «t das Matidrai Organlquas dans TJ^ooroa 

Tarreatra," by Prof. A. Uelena, Attwo/ei rff* iftnen, 1800, vol. xviiL, 
page SlO. 
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carbohydrates, is perhaps ^ot to bo wondered at, when the 
chemical relationship between coal and cellnlose is borne in 
mind. 

Some recent deposits having, apparently, some ot the 
characters of the Tantobie black staff have been described 
by Prof. H. Potoni4, of Berlin.* They are formed on the 
Ahlbccker See from muddy matters containing animal and 

* « ' ^ # a 

vegetable remains, and are fermented in the absence of 
oxygen. ;^he consistency of these mnds is that of a jelly ; 
they ore so rich in nitrogen as to be worked for the extrac- 
ffon of ammonia, and they show a delicate stratification and 
conchoidal fracture Quite recently® the same author has 
pointed out the parallelism between certain varieties of coal 
and peai The peat formed under terrestrial conditions 
corresponds to bright coal ; under water, however, an organic 
slime is found (for which the name “ Sapropel ” is proposed), 
which becomes gelatinous when suh^fossilised. This gela* 
tinous form, or “ Saprokoll ” (corresponding to the black 
stuff) is, according to Potonie, the exact equivalent of dull 
coal or cannel, the most marked properties, common to 
both, being the conchoidal fractnre and the large percentage 
of volatile matter. If cannel coal bo thus regarded as 
derived from SaprokoU, it is clear that considerable loss of 
volatile matter takes place in the process, for the percentage 
of volatile matter in cannel seldom exceeds 60, whereas that 
of the Tantobie Uack stuff is 72'8 (both reckoned on the 
dry ash'free material). 

• 8as Tmt. InH. if.S., 1806, toI. xxtUL, psgs 78k 

* JlrifM A$$, Rtpori, York, 1000. Soo slao JVatsn, 8Sa4 Nov., 1008, 
vagi 84. 



The Motions of a Ship at Ska (Abstract). 


By P. H. AuEXAiiDn. 

[Bead Muoh Otli, 1006 .] 

HoiTOTer complicated the motions of a body m space 
may be, they can be resolved at any instant into components 
about the three principal axes of the body and each com- 
ponent may be defined as motion in the direction of the 
axis, or rotation about the axis. Each may also be positive 
or negative in direction and have positive, sero or negative 
acceleration. 

It 18 not proposed heie to deal with the motions of ships 
due to propulsion or steering, but only with those called 
rolling, pitching and heaving, which so frequently cause 
discomfort to travellers. 

Rolling is transverse, and pitching is longitudinal, rtdaiy 
motion, and heaving is motion along the vertical axis. Each 
is of an oscillating character. 

The resultant of the vertical buoyant forces upon a 
floating body passes through the cmitre of the immersed 
volume, and this point is called the centre of buoyancy. As 
the body rotates about a given axis the point moves along 
a curved path within the body, and the initial centie of 
curvature of this path in the position of ataUo equiblmam 
is called the metacentre (hi). It is a seell-known condition 
of stable equilibrium that the centre of gravity (G) of the 
body must be vertically below the metacentre; for under 
this conditiuii inclination obviously induces a cou|de tending 
to letum the body to its original position. The vertical 
distaliee between (0) and (M) is thus of importance in the 
ooniideration of stability. If, for example, a cylindrical 
body, of weight (W), floating^parallel to its axis, and with 
(0^) below (M), be set rolling in still water, the “ righting 
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moment at an angle B ie meaanred by the expreuion W 
X QM sin B, Ab in the case of a pendulum* at small angloH, 
and neglecting resistances, we may write this W x Gil* B 
and the rolling motion then becomes simple harmonic and 

its period T=2irV^ZZ]^~ (where I denotefl the mass 
W X GM 

moment of inertia of the body about axis of station), 

Xow a ship is not a cyindrieal body and the mathematical 
determination of its exact period would involve some labour, 
but experiments have been carried out on ships set rolling 
If* in still water, and their actual periods determined, as well 
as the damping effects of water friction and disturbance, 
bilge keels and other features. Analysis of the results shows 
that for most ships u suiiicieut approximation to the period 
ronj* be (»htained by the use of the above formula, provided 
th(^ angles n^achod are not girat. 1$^#^ the data determined 
by these experiments it is also |i^sible to calculate the 
behaviour of the vessel among waWs of given sise by means 
of giuphic integration ; but theflp is not time or spoce here 
to explain the method. Pitching follows the same law as 
rolling, lieing in reality a tomi of it but about a transverse 
axis. 

Xow it is obvious, fi*oni the formula given, that a small 
distance between G and will give a large period and rirt 
and it is within the power of the navol architect to 
so design his ship that, us regards rolling, this GM may be 
small and the motion slow and steady rather than rapid 
and violent. For this reason the value of GM is usually 
made nimut one foot in lorge passenger vessels. Pitching 
is less under the designer’s control, for both I and GM are 
too great to be capable of appreciable modification. 

As regards heaving, the vertical oscillations of a body 
with vertical sides are simple harmonic, the period being 


T»2ir \/ \ (where V is the immersed volume in cubic feet, 

and A tho*volume of a layer one foot deep and of the 
horixontol section of the body at the water surface). Though 
a ship’s sides are not usually quite vertical, the formula 
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applies with tho necessary accuracy, and it is to be seen that 
B vessel of relatively light drauffhi will have a tendency to 
B short heaving period. 

Coming now to the conditions at sca, mo observe that the 
waves passing the ship supply the forces causing the above 
motions, and that the main waves meet the ship successively 
in a regular period which may be called the period of 
approach, and which is 'dependent upon the vcbsers course 
and speed, and upon the waves own period of passing a fixed 
point. The latter in fi^c-moving ocean waves is approxi- 
mately L (where L is the length of tho wave from 

■crest to crest in feet). 

It is evident that where this period of approach syn- 
chronises with the specific period of the ship's own motion, 
whether that motion lx* rolling, pitching or heaving, the 
successive impulses will increase such motion till, in the 
case of rolling, thei-e may even bo danger of overturning 
The navigator, by changing the vessers course or speed, may 
change the period of approach and thus, to some extent, 
control the nature of the motions The naval architect can 
control them only in so far as his design may ofiect the 
specific periods oi the ship herself. So that the sutfoier Irom 
synchronism must still, I fear, lay most of the blame on 
Nature's want of consideration, until the submarine has 
developed into the passenger liner and nm carry him safely 
at depths below the region of wave disturbance. 
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PROCEEDINGS 

or THE 

lii«tr«it9 tf Pntnn Sititty 

(AB 8 TEA 0 T 1 .I> >B 0 M the MUiUTGS). 


November jnl, 1905. 

(Av AEMarBoso Columie, the Be\. Be. H. Oek asd AnsEWABM 
PKor. P. P. Bkinioe in the Chaie. 

The following new Memben were elected: — Mias M. 
Atkinson, Mr. F. (1. Trobridge, Dr. H. J. Hutchene. 

The following Aeaociate was eleoted Mias (Menuy. 

Dr. F. 0. (Isrrett then read a paper on ‘*The Norsemen 
ill America.” 

The Bej^rt of the Treasurer was adopted. 

The following Officers were elected : — 

Prtmdent : 

Xkk Warden. 


Viet-Pretidmln • 


SiH ISAMDARD OWKN. I PrOIT. P. P. BbIMON, 

pRQV. R. Ho^drv. Dr. F. B. Jxvoks. 

Puor. M. C. PoTTKR. I pRor. <1. b. Bradt. 

//bw. Skcretariw, 

B. H. CuixiMA. I Dr. J. A. Skytbx. 


Mkliior : 


Dr. F. C. <4akrstt. 

C0NlfNl//fF I 


Dr. F. Bradibaw. Mim Lkboi'R. 

J. W. Bvujerwxll. J. Martik. 

A. JAgiORA Dr. W. Ma TBOBimv. 
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SBCnONAL OFFICEB& 

SeoUon A (Ohemioftl and Phyilaad Seotioti). 
CAamnan* Fbov« H. Loun. 

Secreteuy: K. JxmBT. 

Section B (Biolegloel Seotkm). 
Ckeurman: Dm. D. Woolacott. 
Seeretarp, A. BmEXTCAN. 

Section C (Mathematical Section), 
Vkairman.' Fmor* Sammok.* 

^eereftiry ; Pmov. ttmop.* 

Section D (Archsological and Hiatcrical SeoUon). 
Chairman: Bar. Dk. H, Uxa. 
Secretary ' O. BmTNKm Jonkh* 


November 1905. 

OHBIUOAT4 AKD PlrfSlOAli SmCTlOK. 

(At Abhbtsoko CoUiXos, BmonMom SmotTO rs thu CuAim.) 

Hr. H. Dean was elected a Member. 

Dr. Black read a paper on the Braun Tube.** 

Hr. A. Jaqnes read a note on Alteriiatire Viens on the 
the Composition of Elexneots.” 


November aotb, 1905. 

Biological Smcrnoir. 

(At AufeTBOHo CoiiUma, Dit. D. Woolacott nf tbk CHAim.) 

The followias were elected Members : — Messrs. B. Coates, 
n. Crofts, H. Stephenson, J. W. D. McConnell. 

Professor Bradj, F.B.S , an address on ** Disappear- 
ing and Extinct Animals,’* 

December 6th, 1905. 

Mathematical Sbotioh. 

Professor 0. M. Jessop read a paper ^On the Geometrical 
Bepresentation of the Imaginary Elements of Space.” 


rimrhMilr ttooM br aaaUoB. 
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January i6tlit I0o6. 

BioLoatoAti Section. 

AT A&MamoNa Coujkib, Da. D. Wooijicott in thx CkAxm.) 

The following' wore eleotM. Members : — Messrs. A. Horton^ 
P. B. Thompson, A. J. A. Woodcock. 

Miss M. V. Jiebour read a paper on Some Tremutodes 
in Mytilns.'' 

Mr. Stanley Bmith road a papier entitled ** Notes on the 
Oleyelaiid Dyke.’' 

Dr. Woolacott read a short note on ** Local Geology." 


January asth, 1906. 

(At AainrrKONo Culllojc, PaorsasoA P. P Bxi3«ov in thk Chaib.) 

% 

Professor H. Lonis read a paper on “A Forgotten Oorner 
of Rnssia.” 


January jist, 1906. 

AaCHiBOIXXlICAL AKD HiRTOBICATi SbCTIOV. 

(At DtimnAM, Ths Pbksidbiit iic nne Chaib.) 

Dr. F. Bradshaw read a paper on “ The Black Death." 

The following Members were elected : — Hisa Entchinson 
Professor Nichol Smith, Mr. Geo. Ruahton. 


February 8th, 1906. 

OHRmCAL AKD PHYSICAL SaOIlOtr. 

(At Abhbtboho Coujeob, PBoraaeoB H. Loois in tbb Gbaib.) 

Mr. n. Mom's-Airey was elected a Member. 

Professor P. P. Bedson gave a demonstration of the 
explosive combnstion of mixtures of coal-dust and air. ^ 

- Dr. J. A. Smythc gave a note on a deposit found in a 
p!t>&ll at Tantqhie. 

Mr. B. Jeffery gave a note on Kjeldahrs method of 
estimaiing nitrogen. 



March lat, 1906. 

Biolooicu.i< Bbctiov. 

(At AjumaoMo Coujchb, Da. D. Woolmwr m txm Ohaik ) 

Profearar M. 0. Potter read a paper oa “A Trip to Sooth 
Africa.” 


March 6th» 1906. 

OuBvicAL AMO Phtbioal SacfTioir. 

(At AamnMwo Cotutua, PBomaoa H. Loon amd AraatwAW 
Ha. 8. H. CoujTB la ma Chaib.) 

Mr. Alexander read a paper on “The Morementa of a 
Ship at Sea.” 

Professor H. Strood exhibited some new idi}sioal ap- 
paratna 


March 17th, 1906. 

Mathimatical Srotioh. 

Dr. T. P. Black read a paper on “Beye’s Synthetic 
Geometry,” and Dr. A. S. Percival described a simple form ot 
Planimeter. 


March 14th, 1906. 

AnOBJSOIiOaiCAL amo Histobioai. Sboiion. 

(At AaxsTBONO CoLLsaa, Da. H. Usa ur tan CaAia.) 

Dr. Gee read a paper on “ Durham and Newoaitle daring 
the Bebellion of lfi69.” 


May ajrdi 190A. 

(Iv tn Oastli, DoaBAx, TWa Paamainr tv nu Cbaib.) 

Mr. K. 0. Bayley read a paper on “Some Notes on the 
Military Sitnation in the County of Darham daring the Midiffle 
Agea" 
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Report of Geological Photoqbaphb’ 
Committee, 1906. 


Since tlie laat ropoit of this committee Mas presented, 
about forty photofi^raphs hove betm f()i*M*ariled to Professor 
Watts, secretary of the British Assncialion Geological Photo- 
^rraphs* Committee, and the serTetaiy has also several others 
ready for sending. 'Ihe chief objc‘ct of the <»ommittoe, in 
eonnectiou with the Philosophical Society, is to obtain copies 
of photographs illustrating the geiilogy and physical geo- 
graphy of Northumbeiland and Durham, and to foxward 
them to the committee in (Mmueetion with the British Asso- 
ciation. The seci'ctarj" — Dr. Woolacott — would be pleased 
to receive such photoglyphs at any time. The following 
are the principal photographs that hove been sent:- - 


Tnk^n hy 2)r, 

<1) SeoUon of tha Lower Greetuand, BUokgang Chine, Isle of Wight, 

<2) -(d) The Whin Sill at the following pUoee :-Bainburgh, Dnnetanburgh, 
Cullernoee, Oag Lough. 

(7) Intersecting faults in Bemloian beds near Cullemuse FoinU 
(S) Klpont of the Glebe ooal, Ouaebunu 

(9) Banded baealts, Ben More, Island of Mull. 

(10) loe-wom rooks, Looh-na-Keal, Island of Mull. 

(11) Bm Talla (Talaidh), Island of Mull. 

(IS) Underont Cliff, Laig Boy, Island of Kigg. 

(18) Weathered out Dyke, Laig Bay, Island of Bigg. 

(U) Blaven, Island of Skye. 

<10) The Coolln Hills, Isluid of Skye. 

(Id) The Bed Hills. Island Iff 8kya 

(17) Oaves in Magnsslao limestone, Whitbam. 

(Id) Lot’s Wife, a weathered^ breeoia gs^, Marsden. 

(19) Boddedhfooda, Black HaURodu. 

(201 Oberiots, from Taniapath Law. 

(81) Ooebat Law, The C^heviote. 
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Talm Kty Dr. Woolacou* 

(28) The Uudilip et Clucbeagb, September, IWk 
(2i) Breocu geeh, Menden. 

(20) Cevern in MegneslAn Llmeetone, Wingnte. 

(28) Hawthorn Dene, Beat Dnrhaiu* 

(27) Boulder Olay, Hendcm. 

* Tah^n hjf Mr* O. T. MeKajf, 

(28) Moraine at foot of High Cup, QilL 
(2B) Roman FelL 

(30) Whin Sill and Melmerby Soar Limestone, Hilton Beok. 
b (81) St Bees* Sandstone, knrton village, with Morton Vike in distanoe. 
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Rkpoet of Bouldebn’ Committee, 1905-1906. 

. 1 — — _ 

At a nieotiug of the* UiologicaL Section of the ^Society 
n committee woh appointed to investigate the glacial deposits 
of Northumberland and Ihirhani. The work of this com- 
mittee principally consists in the detemunation of the nature 
and position of the Iwulders that occur in tlie superficial 
formations ot these two counties, and also in the obtiervation 
of the direction ot the glacial striae that aic exposed on th& 
rock suifuce lying 1>eneath the boulder clay A start has- 
been made with this work, hut the committee hope that it 
will be cairiCil on iinire euergetically and by luon* observers 
in the future. The members of tlie eomnuttee would be 
pleased to give advice to any one intere^te<l in the subject 
The following observations have been made:--- 
(rc) C 1 I 4 ACIAL Smir. 

jNo| pw, D.U I 

Konton Aag. IMS i 1' 10' I SV 30' S.E. 

Quarry I 

K«nt<m Nov. 1905 55° V 10' 1 39 30" S.S.K to 8 K. 

Quarry 

Brontoa Sept. 1906 M’’ W V 37' 43' AfatM, 7^ 8 . of E. 

Quarry 

Stthtndiaryt 1(P N. of K. 

Bnrradon Got. IM6 i 6S° S'S* 1° 34' KT 38°H.o(l!. 

Qurty 

Bnmdon Oot. 1000 56=' O' 65" 1' 33' 6.V 44° a of E. 'I 

OWQwmy 20P 8. of E. } 

60° K. of B. I mo«no 0 ii( 

Fnlwell Sept. 1M6 64° 36' 45' V 24' 10* R. 8.E 
Qwnr 

ThoFUti, Deo. 1906 66°0'60' 1 20' SO" & 8.K 

N. Bhlolde 

_ J 

Noe. 1-5. These etrue were upon Coal Meaeure Sandetone.— J. A.S. 

No. 0. Upon Megneelan Limeetone. No. 7. Coal Meaenree Sandeteme. — 
D.W. 

(5) BorLDSRh. 

Boulders of the Borrowdale voloanio eenee from the Leke dietriot have bee» 
ohuerved at High Sharpley, Kaet of Hetton-le-Hole, Coneett, Wingate 
OW Quarry; of Cheviot porphyrlte at Whitley, The Flats, N. ShMds,. 
HindoB Baaiu, Sunderland.— D.W. 




David WooioACOtt, Otmvener. 
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